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Ir 1s a little discouraging when one starts out to make an address before 
the American Surgical Association to be reminded of Osler’s dictum that 
very few new thoughts or ideas can be expected from a man over forty, 
and it is rather depressing to remember that this applies not only to your 
President, but to nearly every member of the Association. It is, on the 
other hand, rather consoling to feel that nothing new or startling should be 
expected by the Association. 

I wish to call to your attention a condition with which you are all 
familiar, the division of surgery into smaller and smaller specialties. I have 
no revolutionary thoughts on the subject, which is probably fortunate, for I 
believe most thoroughly in progress in medicine as well as in politics by 
evolution rather than revolution. 

There is, I am sure, little need to remind you of the great changes which 
have taken place in the practice of surgery since the founding of this Asso- 
ciation in 1880. Our President last year, Doctor Bevan, spoke of the fact 
that for many years after the founding of the Association all surgeons did 
a general practice, and even as late as 1897, when I began to practice, there 
were only a few surgeons who confined themselves entirely to surgery. Since 
that time we have progressed from the general practitioner who did some 
surgery to the general surgeon who did some medical work, and then to a 
time when surgery had developed to such an extent that the more important 
special subjects, such as gynecology, orthopedic surgery, and urology, had 
become established and were separated from general surgery. We have 
moved on to still smaller divisions, such as abdominal surgery, neurosurgery, 
thoracic surgery, and thyroid surgery, all of which are now of sufficient im- 
portance to warrant national societies. There are now many smaller groups 
which take particular interest in gastro-intestinal diseases, tumors, fractures, 
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the circulatory system, and the autonomic nervous system. In many hos- 
pitals these subjects are controlled by groups which are made up of men 
from the medical, surgical, and other interested departments, who so con- 
trol the specialty that no surgeon not connected with the group can care for 
these patients. In certain hospitals even single diseases are put in the hands 
of men who have complete control of them. 

This, then, is the status of surgery at the present time: many divisions 
of surgery of sufficient importance to have national societies, many more 
divisions which have small societies and are controlled in the hospitals by 
small groups or “clinics,” and still further division in some hospitals te 
give various men an opportunity to study the diseases of a single organ, or a 
single disease or condition. 

Before any further discussion of specialties, it should be specified as to 
what is meant by the term, for with so many minor divisions of surgery as 
we now have, one would be bold indeed to include gynecology, urology, 
orthopedic surgery, and neurosurgery. We are in this paper discussing the 
smaller divisions of surgery after the above major specialties have been 
removed. While I have no objection to this at the present time, I am 
almost convinced that some of these major specialties should be brought 
back into the general service, at least to some extent, for the benefit of stu- 
dents, internes, and residents. 

There can be no doubt, I think, about the value of specialization. We 
must admit that there has been great improvement in the diagnosis, treat- 
ment, technic, and pre- and post-operative care owing to concentration on 
groups of cases, with the result that American surgery has been placed well 
toward the top where it is today. In addition to this, it should be remem- 
bered that specialization has led to an increased amount of research; in fact, 
specialization many times implies research, and we must acknowledge our 
debt to research in its advancement of medical knowledge. 

Remembering our debt to specialization and not forgetting that we must 
have research and must at times put a disease or the diseases of a single 
organ or group of organs into the hands of a specialist or group of specialists, 
we still believe that excessive specialization as it is carried on today is harm- 
ful to: (1) the hospital; (2) the surgeon; (3) the undergraduate; (4) the 
house staff; (5) the graduate doctor; (6) the community, and (7) the gen- 
eral surgical society. 

Specialization has robbed the general surgical service to such an extent 
that it really does not exist. We believe that without a well-rounded gen- 
eral service it is impossible to develop men of broad clinical experience to 
teach students and internes who are to go out to do surgery in the community 
in which they settle. Dr. E. D. Churchill, in his report to the trustees of 
the Massachusetts General Hospital, says in regard to specialties: “What- 
ever may have been the original purpose of the ‘special assignment,’ their 

number and scop. have been slowly extended until the whole complexion of 
the clinical activities of the Hospital has been changed.” How is it possible 
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to have a well-rounded general service if the cases are to be divided up 
among many specialists? How is it possible to have a service suitable to 
train clinicians, or suitable for the purpose of teaching students and internes 
if the service is made up of unusual cases, as was the case in a hospital in 
which the professor of surgery had an arrangement through which all routine 
cases were sent to another hospital? It must be evident to all that a certain 
disease, or the diseases of a certain organ must at times be put into the hands 
of research men and specialists if we wish to keep the subject alive and 
make progress, but these should be so few that the general service would not 
be interfered with. 

The surgeon himself also suffers from excessive specialization. It will 
be admitted by all, I think, that the more specialized a surgeon’s work be- 
comes and the more limited the specialty, the narrower his view and the less 
valuable he becomes to surgery and to his patients. To give the greater 
portion of one’s time to a specialty is a sclerosing process which few can 
escape. It is true of physicians in general that those devoting themselves to 
a narrow field can rarely see any cause for symptoms other than something 
in their own field. There are few surgeons of experience, I think, who would 
put themselves into the hands of such a specialist for diagnosis, and fewer 
still would care to have him operate unless he had had a broad clinical ex- 
perience before taking up the specialty. 

I am reminded of a true story of a patient who went to a proctologist 
for bleeding from the rectum. At the end of a year he was told that his 
hemorrhoids were cured. “But,” said the patient, “I am still bleeding.” 
“Well,” said the specialist, “I do not know anything about that.” The patient 
had amoebiasis. Such stories could be multiplied indefinitely about special- 
ists, and I have no doubt that medical men could tell the same sort of tale 
about surgeons in general! 

We have at the present time two types of specialists: first, those who after 
an extensive clinical experience have later devoted themselves to some spe- 
cialty ; and second, the more recent type of specialist who has either in his 
medical school or in his hospital career done a piece of research work and 
continued on as a specialist in that field. Of these two types Bevan said in 
his address last year: “The first men who developed these surgical specialties 
were general surgeons with broad surgical training which made them safe 
men to handle this special work and other conditions involving other parts 
of the human body which often have to be recognized and dealt with in the 
proper treatment of the individual case. In some of these surgical specialties 
today young men frequently go direct from the medical school, or after a 
short hospital interneship to some surgical specialty which involves a narrow 
field, a single organ or a group of organs. This is not the best organization 
of surgery and surgical teaching. We should insist upon a broad training in 
general surgery as a prerequisite of entering a surgical specialty.” I should 
like to add that this is fully as important as a prerequisite far teachers of 
clinical surgery. 
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The first type of specialist, the man with a wide clinical experience who 
takes up a specialty, is of value as a teacher and to the community as q 
surgeon. The second type, the young man who does a piece of research 
work and then continues as a specialist in that field, has at times been 
appointed to a professorship of surgery. It is this type of professor who, not 
appreciating that at least 90 per cent. of his students must go out into the 
community to practice surgery, and not having had clinical experience, does 
not appreciate its value and eliminates his experienced clinicians and depends 
upon his residents, whom he has taught, to teach the students and internes, 
It is this type of professor who, having spent a year or two on research work, 
feels that he and the residents he has taught are quite prepared to teach 
clinical surgery to students and internes. The implication is that the 
experienced clinician must be little better than a high-grade moron to take 
so many years to become a clinical teacher when he and his residents are 
quite capable of becoming clinical teachers within from one to six years. 

As to students and internes, it is the rule, I believe, for teachers to forget 
the amount the student has to learn in the medical school and hospital. In 
spite of the great number of fundamental principles to be learned, the medical 
student is frequently put into the hands of a specialist or research man who 
has become so interested in his own problems that he has long ago forgotten 
the fundamentals the student needs. He frequently attempts to teach the 
student the finer details of his specialty, a case of which the student probably 
will not see for years. 

That the student is not satisfied with the teaching of specialists is evident 
from the answers to the questionnaire sent out by the Commission on Medical 
Education to recent graduates. These answers included the following : “Ref- 
erence was made in the questionnaire to the fact that most of the teaching 
is done by specialists with over emphasis on problems of research and on 
diseases seen largely by specialists. Insufficient attention is given to the ordi- 
nary needs of most patients.” How could any other answer be expected 
when the great majority of the members of the staffs are specialists from 
choice because they wish to teach or because they have been forced into 
taking up a specialty because of the dearth of material left in the general 
service ? 

It is evident that the students are not the only ones concerned about the 
teaching of clinical surgery, for the Commission on Medical Education says: 
“No factor in education is as vital as that of teachers who are masters in 
their individual fields, who know how to teach, and who can inspire their 
students. A student may acquire a vast amount of information from lectures 


' and may memorize the technic of its application, but it takes more than this 


to make a physician. Only by practice under the patient guidance and 
supervision of a master can the student secure a real grasp of the diagnosis, 
prognosis, treatment, and prevention of disease. There can be no satisfac- 
tory substitute for the master clinician in medical education. Great merit 
attaches to efforts to place responsibility upon the student for his own training, 
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but the teacher still has a vital function to perform. The value of accumulated 
experience and its critical presentation by inspiring competent instructors is 
indispensable.” 

If our students have suffered because surgery has been divided into too 
many specialties, as I believe they have, our house staffs have been handi- 
capped even more, and through this handicap surgery in general has suffered. 
Because of this division of the cases of the surgical service, it is almost 
impossible to give the interne a continuous systematic service. Many impor- 
tant types of surgery enter their wards, but as many different specialists have 
charge of them, it is difficult to keep in touch with the various men to check 
up on the diagnosis, treatment, prognosis, and even the pre- and _post- 
operative care. It is true that an interne has an occasional opportunity to 
look after these cases and assist, but it is uncertain. 

Many internes get little to do other than with specialists who are so 
absorbed in their particular interests in the case that they give the interne 
little in the way of the fundamentals of surgery, which are what the interne 
needs. In other words, these young men begin to specialize before they 
have any foundation on which to start specialization. Doctor Lowell, Presi- 
dent Emeritus of Harvard, said that students intending to specialize after 
leaving college should not begin on entering to concentrate on that specialty, 
but should take other subjects entirely for the purpose of getting a broad 
cultural basis. It is, we believe, much more important for a man to get a 
broad foundation in medicine or surgery before beginning to specialize, 
and that is possible only through the clinician of extensive experience. 

In some schools the teachers are largely men who have done research 
work and hence have specialized. They may have had a small amount of 
clinical work. The house staff are taught by these men and very naturally 
are forced into becoming specialists without an opportunity of first becoming 
well-rounded general surgeons. There is an inbreeding in this way which 
without much doubt tends to make for more and more and narrower and 
narrower specialists. This is true particularly where residents do much of 
the teaching of the internes, as is done in many school hospitals. 

I would again call to your attention the Report of the Commission on 
Medical Education in which they say: “There is no substitute for the 
master clinician in the clinical fields of instruction.” It is my opinion that 
neither the specialist nor the research man nor the resident now much used 
for teaching can qualify as “master clinician.” 

Are the students wrong in what they ask for in the way of teachers? 
Is the Commission on Medical Education wrong in asking for experienced 
clinicians to teach clinical surgery? It is of interest that another group of 
students, the college undergraduates in a large university, have recently 
had this to say in a recent editorial in their daily paper in regard to the 
research man as a teacher: “There is definitely a place for both the research 
man and the teacher in any institution of higher learning. Students attend 
a university for the purpose of preparing themselves either culturally or 
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specifically for a career they intend to pursue afterwards. They want and 
need men who can lecture to them interestingly and impart their subject 
matter with skill and clarity. A certain amount of research is necessary to 
keep the subject living and progressive and there should be of course men 
to take care of this important work. But there must also be men to take care 
of the equally important task of imparting their material as it is gathered. 
If men are expected to do worthwhile research and at the same time develop 
interesting courses, one phase of their work is going to suffer for want of 
time to do both.” 

Dr. E. D. Churchill in his report to the trustees of the Massachusetts 
General Hospital puts the case of the specialist, the hospital, the student, 
and the interne very well when he says: “Theoretically, increased specializa- 
tion within a hospital would seem to further its potentialities as a teaching 
institution by enabling it to present the most recent advances in every subject 
to students within its gates. Practically, the result is apt to be quite the 
opposite, particularly for the undergraduate and interne. They find them- 
selves unable to follow the course of their patient through the maze of 
special clinics and consultations; even ward visits concern themselves with 
the minutie of highly specialized and often evanescent diagnostic procedures 
that are nourishment only for special students with advanced training. Our 
students and house officers may with reason wish to recall the days of the 
teaching of the broad and fundamental principles of medicine at the bedside 
under the guidance of a Warren, a Bigelow, or a Shattuck.” 

One more statement from the Commission on Medical Education is of 
interest in relation to the “master clinician.” They say: ‘There is no 
substitute for the master clinician in the clinical fields of instruction. It is 
vital that the universities provide inducements which will attract and hold 
clinicians of the caliber and ability which teaching in this field requires and 
which the responsibilities for the care of patients in the hospitals and clinics 
demand.” It is my belief that the only “inducements” necessary to keep this 
type of clinician as a teacher would be a reasonable position on the teaching 
force. 

My conception of surgery is that it is the great division of medicine in 
which an operative procedure is used. That is, in addition to the major 
specialties it includes laryngology, otology, and ophthalmology. The responsi- 
bility of the schools and hospitals toward these men is great because, I believe, 
they owe it to the community to see that all these men are properly trained 
before they become specialists. To train this large group of men, the school 
should provide proper teachers and the hospital should maintain a proper 
general service with experienced men to teach the students and internes. 
They should not be permitted to take up any specialty until after they have 
had a proper training on a general surgical service. We should be careful 
not to return to the old days when there was the standing joke that the 
specialist always sent for a general surgeon if there was any bleeding. 

Specialization has had its effect upon the physician, for he finds it difh- 
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cult to always get the right kind of specialist. If the surgeon has no con- 
science, he can frequently get cases he must lose if he is honest, for physicians 
and patients frequently call and ask the surgeon if he is a specialist in this 
or that. 

The surgeon who is in the habit of making pilgrimages to teaching 
centres for the purpose of brushing up on his surgery finds it difficult to 
get as much as formerly, as most of the staff are doing some specialty while 
the kind of work he wants to know about is being done by the house staff, 
who are hardly competent, he feels, to give him what he wants. 

If we are to have clinicians of broad experience to teach the student and 
house staff, we must maintain a large and active general service. This can 
be done only by reducing the specialties to those diseases which require 
special study, and these should be returned to the general service at the 
earliest possible moment. A staff of experienced clinicians, rather than 
residents alone, should be maintained on the general service if we are to 
develop experienced clinicians, for while they have been residents men have 
never become experienced clinicians. 

There must be some reason for the objection to research men and spe- 
cialists as teachers as it has been expressed by the recent medical graduates, 
the Commission on Medical Education, and even college undergraduates. 
As at least 90 per cent. of the students of even the best schools must go 
out to do their share toward caring for one hundred twenty million people, 
it would seem to be the duty of schools and hospitals to see that these men 
are taught, in clinical surgery at least, not by specialists but by experienced 
clinicians. 

It is the fear of some that our present standard of surgery would be 
lowered if the specialties were not maintained. This may be true to a slight 
degree so far as some of the specialties are concerned, but the general 
excellence of surgery would be improved because of the broader experience 
of the clinical men and because those students and members of the house 
staff who go out into the community to care for patients would have a better 
foundation for the practice of surgery. The 5 or 10 per cent. of students 
who are to do research work and teach must be carefully considered, for it 
is they upon whom we must depend for the advancement of surgery. 

This is the day of new societies formed by men interested in some special 
field of surgery, and it is to these societies that much of the new and inter- 
esting work is presented. Because of this the more general societies, like 
the general surgical services, are struggling on with less exciting programs. 
There are many members of the more general societies who complain bitterly 
about the lack of new and interesting subjects, and enthuse over the more 
interesting and stimulating papers presented to the special societies. It is 
quite natural that recent advances in some new field should be of more 
interest, and that the enthusiasms of a group of men all interested in the 
same field would be greater and more stimulating. But have the members of 
these special societies considered the day, not far off for most of them, 
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when they will have much less of interest to report than the general surgical 
societies? The special societies which cover a narrow field cannot hope to 
have new and. startling advances reported for long. 

It is of interest that the American Surgical Association, a general surgical 
society, is according to my mind suffering from too much specialization and 
too little general surgery. We have, I feel, been specializing in abdominal 
surgery and fractures rather than in the newer fields. We have been letting 
all the newer and more interesting specialties slip off to the younger special 
societies instead of bringing them into the Association. This has been 
unfortunate, I believe, for if we would keep the standards of general surgery 
high, we must keep surgeons interested in the broader aspects of it rather 
than in a single field, unless that field is a broad one or one which requires 
so much special training that it is impossible for the general surgeon to 
master it. 

There is one great drawback to the return of specialties to general 
surgery and that is the fact that the taking up of a specialty is generally 
agreed to be the short cut to a practice, large fees, and glory, so that the 
rise of the specialist is much more rapid and spectacular than that of the 
general surgeon. This is partly because people have learned to depend upon 
specialists for almost every disease, and I am sorry to say that I feel it is 
partly due to the great increase in advertising that is being done by surgeons 
and by specialists in particular. Scarcely a day passes without some daily 
paper or magazine telling of the wonders that have been performed by this 
specialist or that. I know that it is often said that the magazines and papers 
write up the articles without consent. I can answer this only by telling 
the story of a specialist who covered the front pages of the papers with 
descriptions of his wonderful operations during one of the meetings of the 
American College of Surgeons. When the American College of Surgeons 
next met in that city, the surgeon was told that he would be dropped from 
the local medical society if anything about his work came out in the papers. 
Not a word was printed! Is it not this chance to advertise that is enticing 
some men into specialties, and is it fair to the general surgeon, who has no 
thrilling story to tell such as that of the “test tube babies” or the wonders 
of some special operation which only a few men are able to do? Is it fair 
for the specialist to have pictures of his operating room and a story of his 
specialty advertised all over the country simply because he is a specialist? 
Is it fair to have the names of the members of a small special society who 
come from various parts of the country printed in the newspaper with the 
implication, at least, that they are the great men of that specialty? Does 
the general surgeon have an opportunity to do this? And is it any more 
ethical because it is a “clinic” or because a man is a specialist ? 

The great majority of specialties have been so standardized already that 
they should be returned to the general surgeon. The specialist must be 
liberal or the surgical profession will be made up of nothing but specialists, 
which would result in a great injury to surgery. We must have experienced 
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clinicians, and most specialists are not, to teach those who must go out into 
the community and do general surgery where there are no specialists. We 
must have surgeons of breadth of view and wide experience, which specialists 
are not. The group of specialists referred to here does not, of course, include 
the surgeon who after a long experience in general surgery prefers to limit 
his activities to one field. 

The American Surgical Association should be continued as a general 
surgical society, but should, I believe, take in a sufficient number of specialists 
from both the major and the more recent smaller specialties to be sufficient 
unto itself. This would be a great improvement, but would not include 
much of the research work done by the younger men. I would suggest that 
these young men be invited to present their work before the Association, 
or outstanding young men might be invited to become associate or junior 
members with the privilege of attending the scientific meetings and present- 
ing papers, as suggested by Doctor Phemister. With a moderate enlarge- 
ment sufficient to take in the outstanding members of the other national 
societies and some of the outstanding younger men as associates, the Amer- 
ican Surgical Association would be in a position to cover all new specialties 
and hold the members as interested and enthusiastic supporters. This would 
at once put the specialties on a basis entirely different from that on which 
they are at the present time. Instead of being held and protected as such 
by the special societies, they would be presented to a general surgical society, 
which would tend to distribute them to the general surgeon much earlier than 
when they are controlled by the special society. It is impossible to avoid 
the feeling that anything under the aegis of a special society cannot be 
touched by the general surgeon. 

Let us acknowledge our debt to the specialist and to the research worker, 
but let us try to maintain the proper proportion between the research worker 
and specialist and the experienced clinician in clinical teaching. Let us 
remember that at least 90 per cent. of the students must go out to do the 
surgery of the country. Let us remember also that a man of broad experience 
in clinical surgery is of far greater value to surgery and to the community 
than the specialist who confines himself to one field. Let us remember that 
unless some effort is made to keep up a broad general service in hospitals 
staffed by clinicians to teach our students and internes, we shall soon have 
no clinicians to teach, and the community will be dependent upon specialists, 
a sad day for surgery. In some of our school hospitals the clinician has 
already disappeared and students are taught clinical surgery largely by a 
professor who is not an experienced clinician or by residents who, I believe, 
can be considered neither clinicians nor proper persons to teach clinical 
surgery. 
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TOTAL ABLATION OF THE THYROID FOR ANGINA PECTORIS 
AND CONGESTIVE HEART FAILURE 


RESULTS OF EIGHTEEN MONTHS’ EXPERIENCE 


By G. Mrixter, M.D., Herrman L. Biumcart, M.D., 
AND Davin D. Bertin, M.D. 


oF Boston, Mass. 


FROM THE MEDICAL AND SURGICAL DEPARTMENTS OF THE HARVARD MEDICAL SCHOOL AND THE BETH ISRAEL HOSPITAL, 
THIS STUDY WAS AIDED BY A GRANT FROM THE WILLIAM W. WELLINGTON MEMORIAL RESEARCH FUND OF HARVARD 
UNIVERSITY 


A PATIENT may be subjected to operation for the eradication of disease, 
the correction of deformity or the relief of symptoms. In the latter form of 
treatment the surgical attack may be direct or indirect. An example of the 
indirect attack to alleviate symptoms has been offered in the treatment of 
certain forms of heart disease by total removal of the thyroid.'?* It must 
be borne in mind that the procedure is in no way curative and the underlying 
lesion of the heart is not rectified. Any new procedure which bids fair to 
succeed is worthy of a trial but when sufficient data have been collected an 
account of stock should be taken to see if the signs of early promise have 
been fulfilled. It is approximately eighteen months since this method was 
introduced; seventy-five patients suffering from angina pectoris or decom- 
pensated heart disease have been subjected to total ablation of the thyroid 
and this paper is now presented in an attempt to evaluate the results. 

Nowhere in the realm of medicine is coéperation between the medical and 
surgical services more essential. Upon the proper selection and adequate 
pre-operative study and care of the patient depends in large measure the 
favorable or unfavorable outcome.* A survey of the results shows that the 
mortality in the early group of patients is far higher than in the later series. 
The reduction is due in part to improvements in the operative technic but 
to a far greater extent to experience gained in selecting patients for opera- 
tion. During the period in which seventy-five thyroidectomies have been 
performed, approximately 150 more cardiac patients have been studied 
clinically and not operated on. Roughly, 50 per cent. of these patients 
refused operation; the other 50 per cent. were considered unsuitable for 
the procedure. 

The operative steps in total thyroidectomy have been published elsewhere? 
but certain points that we believe have definitely tended to lower the operative 
mortality may well be emphasized before turning to a consideration of the 
late results. The factors of chief importance in diminishing the operative 
risk are the substitution of local for general anesthesia and reducing the 
amount of pre- and post-operative sedation to a minimum. This procedure 


Note.—In presenting this paper before the Association I wish to state that I am 
merely acting as the spokesman of our group at the Beth Israel Hospital and my own 
participation in the work has been meagre.—C. G. M. 
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prevents the abolition of the cough reflex and lowers the incidence of pul- 
monary complications. The hazard of a general anesthetic in the angina 
pectoris case is not great but in the poor-risk decompensated case with 
pulmonary congestion, the danger is grave. The operative mortality in this 
series has occurred exclusively in this class of case, but since the introduc- 
tion of local anesthesia twenty-two consecutive cases in the decompensated 
group have been subjected to operation without a death. 

There is a technical advantage in local anesthesia, in that infiltration 
about the gland tends to separate the tissue planes, allowing more accurate 
division of the branches of the middle and inferior thyroid vessels near the 
gland after ligation of the superior trunks and mobilization of the upper pole. 
Infiltration along the tracheo-cesophageal sulcus and the deeper portion of 
the gland should be avoided for fear of anzsthetizing the recurrent nerve. 
In one case it was definitely felt that temporary recurrent paralysis was thus 
produced, necessitating the termination of the operation after hemithyroid- 
ectomy. 

It has been demonstrated that distinctive voice changes may not im- 
mediately accompany unilateral cord paralysis.° For this reason we believe 
that the cord should be inspected laryngoscopically after completion of 
hemithyroidectomy before the remaining lobe is approached, as the risk of 
possible injury to the opposing cord, though slight, may well be attended 
by dire consequences, even though the recurrent nerve impairment is 
transitory. Such an examination takes but a few minutes and carries no 
danger of contamination of the operative field. Pre-operative cocainization 
of the larynx lessens the gag reflex accompanying laryngoscopy and reduces 
the discomfort occasioned by traction on the trachea during manipulation of 
the gland. 

In many dissections one or more parathyroid bodies may be identified 
and preserved without jeopardizing their circulation. At times, however, 
they are not encountered owing to their wide and variable distribution. By 
adhering closely to the gland in the dissection and clamping the vessels 
near the capsule, a sufficient number of parathyroid bodies will be undis- 
turbed to prevent the occurrence of symptoms of permanent hypoparathyroid- 
ism. Not infrequently a post-operative case will exhibit a Chvostek or 
Trousseau sign but in no instance have the manifestations of severe tetany 
such as carpopedal spasm or convulsion been seen.® In only two instances 
has continued calcium therapy been required. 

Thyroidectomy by the medial approach with division of the isthmus and 
dissection laterally was given a trial but it was felt that total removal of 
the gland by this method carried added risks. More difficulty was encountered 
in identifying the recurrent nerve, and the chance of injury to it in the 
adherent zone appeared greater. Furthermore, avoidance of damage to 
parathyroid bodies was more arduous when approach was made from the 
medial side. Parsons,’ however, prefers this approach. 

Attempts were made to do a graded procedure in especially poor-risk 


571 


| 
| 
| 
eye 
i 
| 
q 
| 
| 
if 
Be. 
f 


MIXTER, BLUMGART AND BERLIN 


patients but this method was discarded. ensewat of one lobe does not 
depress the basal metabolic rate sufficiently to cause any improvement in the 
patient’s general condition. Adhesions following the first step produce 
technical difficulties that more than offset the benefit derived from having 
only one lobe to deal with at the second operation. The sole indication 
for stopping the procedure at the completion of hemithyroidectomy js 
paralysis of the vocal cord on the operated side. 

A number of attempts have been made in the past to relieve cardiac 
symptoms by subtotal thyroidectomy of the normal gland.**'°' This pro- 
cedure was tried out in October, 1932, in two cases not included in this 
series.1_ Thyroid tissue amounting to the size of a small pea was left at each 
superior pole. Temporary beneficial effects were noted concurrent with 
a drop in the basal metabolic rate. With return of the basal metabolic rate 
to the pre-operative level, however, the symptoms recurred, evidently due to 
hypertrophy of the remaining fragment of thyroid. X-radiation failed to 
inactivate the gland tissue and at secondary operation extensive scar tissue 

‘ prevented recognition and removal of the remaining bits of thyroid.!* 

It was evident early in the investigation that the permanent beneficial 
effect of thyroidectomy is not to be expected until the basal metabolic rate 
‘has fallen 20 per cent. or more. The time required to reach this level is in 
the vicinity of three or four weeks. Even then the resumption of activity 
must be gradual and carefully supervised, to insure against the recurrence 
of symptoms. From time to time the advisability of surgical treatment will 
be raised in a patient with advanced congestive heart failure where rest in 
bed, digitalis and other measures have failed to give any relief. In such a 
hopeless condition, surgical intervention is contra-indicated, as a_ futile 
operation simply brings discredit to a procedure of value in suitably chosen 
patients. 

In general it can be said that the operative treatment of properly selected 
patients with angina pectoris has been of definite value. With an absence of 
operative mortality, with two subsequent deaths, with complete relief in 
35 per cent. (disregarding the two cases recently thyroidectomized) and 
with an additional 50 per cent. of moderately improved cases bringing the 
total benefited by surgery to 85 per cent. in the series of twenty-five cases, 
it is fair to conclude that the procedure is of definite value in this type of 

_heart lesion. The 15 per cent. of cases who showed no improvement had low 
pre-operative basal metabolic rates and would not now be operated on. 

At times, even in the group of cases classed as incompletely relieved, the 
result to the patient has been satisfactory. A man in this category was 
recently readmitted to the hospital for study. Previous to operation the mild 
exertion of eating and talking frequently provoked attacks. Paroxysms at 
hourly intervals, or less, interrupted sleep. Four months after operation he 
was moderately active, there was some substernal distress and occasional 
pain in the arms but he had no typical severe attacks. Sleep was uninter- 
rupted. He was highly satisfied with the relief obtained. 
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In dealing with intractable angina by surgical means, it is fair to recognize 
two alternative procedures that should be given consideration. The magnitude 
of dorsal sympathetic ganglionectomy is such that it seems unlikely to 
supplant the operation of total thyroidectomy. Alcohol injection in com- 
petent hands lessens hospitalization and offers a considerable expectation of” 
relief of pain, though rarely are substernal oppression and other manifesta- 
tions abolished. It may well be that this method will be preferable in 
handling the old-age group with short life expectancy and those cases pre- 
sumed from the history and clinical study to be rapidly progressive. 

On turning to the group showing congestive heart failure it should be 
kept in mind that where recognized medical measures have failed, no 
promising alternative method has been suggested in the past. Direct surgical 
attack on the lesion of the heart has carried a prohibitive mortality. Any 
procedure that would provide comfort and partial rehabilitation to the patient 
without too grave risk, would appear to be a happy achievement. 

The results of total ablation of the thyroid approach this objective. A 
mortality is inevitable in this poor-risk class of patient. It is evident, how- 
ever, that the 12 per cent. operative mortality for the fifty patients in the 
group is unduly high, as with experience in the choice of cases and refine- 
ments of technic, no death ha. occurred in the last twenty-two consecutive 
cases of congestive failure operated on. Thirteen per cent. of the patients 
who showed moderate improvement for four to ten months died subsequently. 
Seven per cent. showed no improvement. On the other side of the balance 
sheet are 55 per cent. of cardiac patients formerly incapacitated and confined 
to bed a great part of the time who are-now working or able to work. The 
relief of suffering to the individual and the curtailment of the expense of 
hospitalization to the family or state is no inconsiderable item. To this 
figure may be added another 13 per cent. of cases who are definitely improved 
though they have passed through an episode of temporary decompensation. 

Clinical experience in treating these seventy-five patients (see Tables I, IT, 
III) with chronic heart disease is of aid in selecting patients who are most 
likely to benefit from total ablation of the thyroid. Although the establishment 
of final criteria must await the results of the subsequent course of these 
patients over the next years, it may be worth while to state our tentative opin- 
ion. Patients were selected for this study whose pre-operative clinical course 
and condition was sufficiently definite so that therapeutic results of the opera- 
tion cou'd be accurately evaluated. Some of our patients seemed to be most 
favorable subjects ; others were chosen because they represented certain types 
of cardiovascular disease or because they showed certain unusual clinical 
findings. Others who had been refused operation were finally accepted only 
after the insistent request of the patient, his physician and family. The 
patients who benefited least from the operation showed characteristics in 
common, which cause us to hesitate to operate on other similar patients. 
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TABLE 


Etiology of Heart Disease in 75 Patients Treated by Total Ablation of 
the Normal Thyroid Gland 


The presence of low pre-operative basal metabolic rates represents a 
contra-indication to operation. Three of the four patients with angina 
pectoris who showed but little clinical improvement after operation had pre- 
operative basal metabolic rates of minus 19, minus 23 and minus 24 per 
cent.; the fourth patient showed clinical evidence of hypothyroidism pre- 
operatively. Our experience in patients with congestive failure has been in 
accord with this. We have found that regardless of the pre-operative meta- 
bolic rate, practically all patients required the administration of small doses 
of thyroid to control the symptoms and signs of myxcedema when the meta- 
bolic rate reaches approximately minus 30 per cent. These patients, conse- 
quently, could be permitted to drop only 5 per cent. to 10 per cent. before 
thyroid was required. This drop in basal metabolic rate is not adequate to 
relieve the heart of its burden. We are, therefore, very hesitant to operate 
on a patient, with any type of heart disease, whose pre-operative basal meta- 
bolic rate is below minus 15 per cent., and refuse operation in the presence of 
a metabolic rate of minus 20 per cent. or below. 


TABLE II 


Comparative Results in the Treatment of 69 of 75 Patients with Angina 
Pectoris or Congestive Failure with a Post-Operative Course of four to 
Eighteen Months 


Results in 23 patients with angina 


50% 


Results in 46 patients with congestive failure 


7% 


* All cases had low pre-operative basal metabolic rates. 


Patients with congestive failure who have evidence of rapidly progressive 
heart disease, in spite of all available medical procedures, can expect only 
temporary improvement after total thyroidectomy. They fail to lose cedema, 
or even gain oedema fluid after prolonged bed rest. The operative risk in 
such patients is increased, and the pre-existent degree of myocardial damage 
makes recovery to a life of activity or comfort improbable. The two patients 
with congestive failure who have failed to show significant improvement, and 
six who had recurrent failure, exemplify these considerations. 
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Similarly, patients who are incapacitated because of angina pectoris which 
has progressively become worse over a relatively short period of time are 
not suitable patients for operation. Six of our patients who were completely 
free of pain for as long as nine months after operation have again suffered 
recurrence of their attacks. There is no reason to believe that total thyroidec- 
tomy retards the progression of the underlying pathological process. In 
terms of analogy, thyroidectomy merely sets the hands of the clock back. 


TABLE III 


Results in Treatment of 75 Patients with Chronic Heart Disease by Total Thyroidectomy* 
Opera- Opera- 
tion Less tive 
Than Deaths  Subse- 
Unim- 4 Months in75 quent 


Good Fair proved Ago Cases Deaths 
Rheu- (29 cases) 
matic Congestive failure 
Heart (25) 12 6 I 5 I 4 
Disease Angina pectoris 
1 I I 
Paroxysmal heart 
action (2). 2 
(36 cases) 
Arterio- Congestive failure 
sclerotic (6) 2 I 3 
Heart Angina pectoris 
Disease 10 4 2 I 
Cardiac asthma 
(6) 3 ; 3 I 
Paroxysmal heart 
action (1) I 
(6 cases) 
Hyper- Congestive failure 
tensive (4) 1 I I I 
Heart Cardiac asthma 
Disease (2) 1 I 
Congeni- (2 cases) 
tal Congestive failure 
Heart I 
Disease 
Luetic (1 case) 
Heart Congestive failure 
Disease - I 
Cor (1 case) 
Pul- Congestive failure 
monale (1) I 
32(51%)t 19(31%)t 6(10%)t 12 6(8%)t 8 


* These seventy-five patients were classified according to their primary diagnosis and 
basis for operation. Many patients had combinations of various diagnoses, v712., cardiac 
asthma and congestive failure, angina pectoris and cardiac asthma, etc. Classification of 
results according to combinations of diagnoses will be published elsewhere. 

t The percentages of results are based upon the course of sixty-three of seventy-five 
patients in whom four to eighteen months have elapsed since operation. 

t The mortality percentage is based on seventy-five patients. 
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Thus, the duration of improvement depends on how rapidly or slowly the 
hands move to their previous condition. 

The history of previous coronary thrombosis makes prognosis after total 
thyroidectomy a precarious one. Four patients with a history of coronary 
thrombosis have experienced little or no relief after operation. On the other 
hand, three patients have experienced striking relief of angina pectoris. 

The causes of recurrent congestive failure in other patients exemplify 
certain precautions which should be exercised in the management of these 
patients after operation. One patient with auricular fibrillation ceased to 
take digitalis; another patient, bedridden for two years, who had previously 
suffered many attacks of congestive failure, did the housework and cooking 
for a family of eight for seven months; while another patient undertook 
excessive activity within a month after operation. The advisability of rest 
in bed until the basal metabolic rate has fallen to at least 20 per cent. below 
the pre-operative level and the necessity for the same medical supervision 
that all severe cardiac patients require, is apparent. Several patients with 
angina pectoris have shown a recurrence of attacks following an excessive 
rise in the metabolic rate after thyroid medication. The regulation of the 
metabolic level in each patient at the optimum level at which they have relief 
of signs and symptoms of myxcedema without interfering with benefits 
derived from the hypothyroid state requires close supervision. 

Six of our patients with congestive failure have died since operation. One 
patient with auricular fibrillation suddenly dropped dead, after being able to 
return to active work for four months. Such accidents in patients with cardio- 
vascular disease are inevitable. One patient who showed very definite 
improvement for nine months developed an aortic aneurism and died ; another 
indulged in alcoholic and other excesses and died four months after opera- 
tion; another, allowed out of bed three weeks after operation and before the 
basal metabolic rate had dropped appreciably, died of acute pulmonary 
cedema. Two other patients died in recurrent congestive failure two and 
eleven months after operation as a result, we believe, of progressive cardio- 
vascular disease. 

There were six operative deaths. All deaths occurred within the first 
three days after operation. All deaths occurred in patients in congestive 
failure at the time of operation. This procedure, like all surgical measures, 
particularly those dealing with gravely ill subjects, will always have an 
inevitable mortality. It is interesting, however, that all six deaths occurred 
in the first twenty-eight patients operated on for congestive failure, while 
the last twenty-two patients with congestive failure have been operated on 
without mortality, although they were fully as sick as the first thirty. This has 
been largely due to improvement in the medical management of these patients, 
as well as the use of local anesthesia and increasing surgical experience. We 
feel it particularly important that the management of these patients be under- 
taken only with the close collaboration of the internist and surgeon. The 
important pre- and post-operative precautions to be observed have been 
detailed elsewhere. 
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A word of warning should be added. The indiscriminate application of 
complete thyroidectomy to improperly selected and inadequately prepared 
cardiac cases will unquestionably be followed by an alarming post-operative 
mortality and an incidence of failure so high as to throw the procedure into 
disrepute. It should be emphasized strongly, and particularly in respect to 
the patients with recurrent decompensation, that operation should be advised 
only after most detailed study and careful consideration. 
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TOTAL THYROIDECTOMY FOR ANGINA PECTORIS 
By Exuiorr C. Cutter, M.D., anp Max T. Scunitker, M.D. 


oF Boston, Mass. 


_ FROM THE SURGICAL SERVICE OF THE PETER BENT BRIGHAM HOSPITAL, BOSTON 


ReMovaL of the normal thyroid gland in the treatment of heart disease 
was first proposed by Blumgart, Levine and Berlin.!. The rationale for this 
procedure has been thoroughly discussed. A sufficient time has now elapsed 
for those interested in this field to attempt to evaluate the procedure and the 
reasons for its success or failure. It was natural that the proposers of this 
procedure should essay the effect of subtotal removal of the gland in their 
first attempts. These first cases demonstrated the accuracy of their predic- 
tions which were based on clinical experience and scientific investigations into 
the factors controlling the rate of blood flow. Following subtotal removal 
of the thyroid gland, the circulation rate was slowed as the basal metabolic 
demands became lowered. As a result, the damaged heart (congestive fail- 
ure) was able to supply a circulation adequate for the lowered demands and 
compensation resulted. Such subtotal operations, however, brought only 
temporary relief, for as the gland regenerated and the former metabolic rate 
and other processes were restored to their previous level the signs of clinical 
improvement disappeared. The initial improvement, however, was so marked 
that total removal of the gland to obtain a more lasting relief was soon 
proposed.?? 

The first total removal of a normal thyroid gland for heart disease was 
performed December 14, 1932, at the Peter Bent Brigham Hospital. Since 
that date we have carried out this operation fifty-three times. In this number 
are two distinct major clinical entities: (1) patients with congestive failure; 
and (2) patients with angina pectoris. It is essential to make a sharp 
distinction between the two groups since the explanation of why relief 
occurs seems to be different for each group. The original publication of 
Blumgart, Levine and Berlin,’ and the subsequent papers by Blumgart and 
his co-workers have emphasized the importance of the lessening of the “work- 
phenomenon” as applicable to both groups.''**> It would appear that the 
explanation originally given may explain the relief achieved in the first group 
only (i.e., cases with cardiac decompensation). By the creation of surgical 
myxcedema, the demands of the body upon the circulation are lowered. And 
this lower demand does find in most cases with congestive heart failure a 
circulation adequate for this easier task. Thus the supply comes into equilib- 
rium with the demand, and compensation results. 

Our interest was early attracted to the group of patients with angina 
pectoris because of the immediate and strikingly beneficial results. And 
these changes were of an entirely different order from those noticed follow- 
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ing operation upon the cervicothoracic sympathetic apparatus for angina 
pectoris.’ Moreover, the immediate relief occurred long before a shift in 
the work-phenomenon could be appreciated since, if that be dictated by the 
basal metabolic rate, it takes four weeks or longer for the basal metabolic 
rate to fall to a level producing myxcedema. This immediate change was 
strikingly emphasized by the response of patients to the subcutaneous injection 
of from 0.3 to 1.0 cubic centimetre of a 1-1000 adrenalin solution both before 
and immediately following total thyroidectomy.* Early in our experience we 
noticed that, though the subcutaneous injection of adrenalin produced a severe 
attack of angina pectoris before operation, in the same patient within twenty- 
four or forty-eight hours after operation pain did not result or was greatly 
modified. This observation led us to question again the value of the basal 
metabolic rate as the indication of a decrease in the work-phenomenon and 
the explanation of relief in patients with angina pectoris. Moreover, as our 
experience increased, we began to accumulate data which confirmed our early 
suspicion that a reduction in the metabolic rate, with its subsequent slowing 
of the circulation rate, was not the chief factor in the relief given to patients 
in the angina pectoris group, for in a small percentage of our cases we have 
restored the basal metabolic rate to normal limits without the occurrence of 
attacks of pain of the same type and intensity. This is a matter to which we 
have given the most careful consideration since the well-known clinical asso- 
ciation of angina pectoris with Graves’ disease and the danger of provoking 
attacks of anginal pain when treating patients with myxcedema by thyroid 
medication might lead one to predict that the relief in patients treated by 
total thyroidectomy would roughly parallel the fall in the basal metabolic rate. 

It would appear that a complete understanding of the relief given to 
patients with angina pectoris following total thyroidectomy might give an 
explanation for the wide discrepancies that still perplex our clinical apprecia- 
tion of this symptom complex. The fact that the disorder is somewhat more 
common in men than women,'®:' that it occurs more frequently in those less 
active physically (in spite of similar pathological lesions in the coronary 
arteries of both groups), that its painful seizures can be brought on by 
psychological stimulation as well as physical activity, that it is rarely seen 
in the feeble-minded* even in the later age groups, and its association with 
Graves’ disease, points to some neurological involvement. This evidence also 
leads to the suspicion that cardiac labor alone cannot be the chief factor 
unless that be a labor mediated through some neurological control, either 
somatic or autonomic; this, in turn, may have its original stimulus in, or 
utilize for this labor, the endocrine system. Thus the angina pectoris group 
seems especially worthy of careful study. 

It is the consensus of opinion that attacks of anginal pain represent periods 
of myocardial ischemia. Pain in such patients is of the same order as the 
pain in the calf muscles in patients with arteriosclerosis of the major leg 
vessels who suffer from intermittent claudication. Patients in both these 


* Personal communication from Dr. Donald Gregg, Boston, Mass. 
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categories have a circulation adequate for ordinary exertion but inadequate 
for any unusual demands. In the group of patients with angina pectoris we 
lack knowledge of the mechanism for this unusual demand, or, to put this 
another way, unusual demand may not be the only factor, since people who 
indulge in heavy labor and have coronary sclerosis of the same degree as seen 
in patients with angina pectoris may not have pain. Thus it appears that 
there may be some factor present beyond that of simple work. Also, since 
in these people the circulatory rate is normal originally and there exists no 
measurable discrepancy between supply and demand, and since the circulatory 
rate is slowed more or less parallel to the fall in the basal metabolic rate, it 
did not appear logical to us to accept a reduction in work as the chief 
explanation for the relief of pain in our patients. 

The Surgical Procedure.—Although this talk is given before a body of 
surgeons there is no reason for us to elaborate upon the technical procedure 
except for a few details, since all surgeons are familiar with the operation of 
subtotal thyroidectomy and total thyroidectomy is merely a modification of 
the subtotal procedure. 

The Anesthetic—We have utilized local anesthesia (novocaine 1 per 
cent.) in all but a single case where the patient refused any anesthetic except 
one that would induce sleep. We have chosen to use local anzsthesia because 
the only great difficulty in the operation is the preservation of the recurrent 
laryngeal nerve and we wished to have a patient who would talk to us con- 
stantly in order to test from time to time whether or not we were endanger- 
ing these structures. It has been our custom to give morphine sulphate to 
a total of .0o30 Gm. in divided doses, .o15 Gm. three-quarters of an hour 
before the operation and a second .o15 Gm. before the patient enters the 
operating room. In some slender people who have lost considerable weight 
the second dose has been cut down to .010 Gm. This morphinization has 
rendered most patients sleepy and contented and there has been no difficulty 
with the anesthesia in any case. 

The Operation—We utilized the semi-recumbent position with the neck 
well extended and practiced our usual skin preparation, scrubbing the field of 
operation with gauze sponges moistened with alcohol and bichloride solutions. 
The novocaine solution is then injected, first injecting in a line about the 
skin incision and then blocking the nerves at the two limits of the field. The 
limits of the skin incision are then scratched on with a scalpel and the field 
draped with towels and linen. Because of difficulties from time to time in 
reaching the superior pole vessels or in removing an unusually long pyramidal 
lobe, it is wiser to place the incision perhaps a centimetre higher than is 
commonly advocated for the operation of subtotal thyroidectomy. The skin 
incision in our hands is optimum for full exposure when placed between 
two and three centimetres above the sternal notch. The incision is carried 
through skin, subcutaneous tissue and platysma and the flaps then reflected 
upward and downward where they are eventually held with a self-retaining 
retractor after ligation of any vessels in this field. The pretracheal muscles 
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are then split in the mid-line and this incision should extend from above the 
larynx to the sternal notch. In cases with marked cardiac failure the small 
vessels of the neck may reach enormous size because of the increased venous 
pressure, but we have experienced no particular difficulty with this. The 
thyroid gland is exposed at once and carefully freed from the overlying pre- 
tracheal muscles and the loose areolar tissue adjoining its capsule. From 
time to time accessory vessels may penetrate into the thyroid gland, largely 
at the lower end of the wound or near the upper poles from the muscle 
layer, but this is unusual and such vessels can now be divided between clamps 
so that no staining of the field obscures complete visualization. At the 
original inspection the operator can easily determine the extent of a pyra- 
midal lobe which may somewhat modify the upward reflection of the skin 
flap or the median incision in the pretracheal muscles, and he should also 
make observations as to whether the gland appears normal. Standing to 
the right of his patient and with a finger retractor near the upper pole, the 
upper pole is then carefully separated from the surrounding tissues, includ- 
ing the larynx. Exposure must be adequate so that the vessels entering 
the upper pole can be clamped twice about the capsule, at which point they 
are divided, the vessel tied and the upper pole pulled down into the wound. 
The operator then shifts his retraction to the lower end of the wound, divides 
the superficial vessels entering the lower pole, and tips the gland upward 
and mesially. This will expose numerous small vessels entering the posterior 
capsule which may be carefully divided with the patient speaking as a test 
for interference with the recurrent laryngeal nerve. At the same time, a 
close watch must be kept for the lower parathyroid glands and should they 
be seen somewhat separate from the capsule they should be left in place. 
If there be any doubt about a piece of tissue obviously going to be removed, 
a small section of it should be sent for frozen section study and if this 
report shows parathyroid tissue, the remaining fragment of this tissue should 
be reimplanted in the patient. \Whether parathyroid glands are found at this 
stage of the operation or later when the whole gland has been removed, 
they should be reimplanted and for this purpose we have made a small niche 
under avascular conditions in the sternothyroid muscle, placed the para- 
thyroid tissue within this, and closed the niche with a suture. 

With the gland tipped up and pulled toward the trachea, a careful search 
is now made for the recurrent nerve which will be found lying close to the 
esophageo-tracheal groove and coming forward and upward toward the 
posterior limits of the capsule of the thyroid gland. Once the nerve is iden- 
tified the placement of hemostats can be carried out rapidly, the gland 
always being pulled toward the trachea and upward. When about one-third 
of the lower part of the gland has been tipped up, the recurrent nerve should 
be found lying close to the posterior capsule and looping over the branch of 
the inferior thyroid artery. If the gland be pulled too smartly toward the 
trachea, the nerve is greatly angulated and brought into close contact with 
the posterior capsule, thus making it more likely to be injured in clamping the 
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small vessels on both sides of it. Once the vessel supporting the muscle 
has been clamped the nerve tends to drop away from the posterior capsule 
and even travels posteriorly again just before it enters the lower limits of the 
larynx. At this stage it will be found that the small projection of the thyroid 
usually underlying the region of the upper limits of the isthmus and often 
tending to travel beneath the uppermost limits of the trachea will remain 
as the only difficulty. This small fragment must be pulled smartly into view 
and the covering of the gland followed until the operator is certain that all 
thyroid tissue can be extirpated. The clamp is then placed on the little tip 
of fibrous tissue beyond the limits of the thyroid tissue and when this has 
been cut the gland can be easily dissected away from the trachea and placed 
on the left side of the wound. All bleeding points involved in this stage 
should then be tied. 

Because of the fact that in our first few cases we injured two left re- 
current nerves, having at that time adhered to our previous custom of doing 
thyroidectomies entirely from the right side of the patient, we now advise 
that the operator, having finished the right side, should transfer himself to 
the left side of the patient for the removal of the left lobe. The procedure 
on the left side is identical with that on the right side; the upper pole ves- 
sels are ligated extracapularly, then the gland attacked on its lower limits, 
dividing first the superficial vessels, and then the recurrent nerve identified. 
When this has been done, the many small vessels are clamped, divided beyond 
the capsule, and the gland lifted away from the recurrent nerve. 

If there be a pyramidal lobe, and in three cases such a lobe has existed 
and extended almost to the hyoid bone, the separation of this structure from 
the trachea may be accomplished either after both lateral lobes have been 
freed or just before the operator changes sides. Once the gland is removed 
all clamped vessels are securely and carefully tied. The gland is then brought 
under the most careful inspection and a last attempt made to find parathyroid 
glandules; should they be found their existence is first proved by micro- 
scopical section and the remaining fragment of the gland implanted in the 
sternothyroid muscle. The wound is then carefully washed out with salt 
solution and hemostasis controlled until it is absolutely dry. When this has 
been done, the mid-line wound is closed with interrupted sutures, the chin 
is then brought down and the skin flap reapproximated without drainage by a 
double row of interrupted sutures. We have utilized fine A silk for both 
suture and ligature material. It produces reactionless wounds, ties once made 
are secure, and its small bulk allows one to place ties close to the recurrent 
nerve without jeopardizing it. Of course, this is merely a technical detail 
and each surgeon must utilize the substance for which his training has pre- 
pared him. 

The operation must be a complete thyroidectomy and if the patient fails 
to enter myxcedema one can be certain that either fragments of the gland 
were left at the operation or aberrant thyroid tissue is present. 

The convalescence in our cases has been unusually satisfactory. The 
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patients experience some hoarseness and difficulty in swallowing, as with any 
thyroid operation, for perhaps twenty-four to forty-eight hours, but many 
of them have been out of bed on the fifth day and by this time their wound 
should be perfectly healed. 

Material—In the interval since December 14, 1932, we have studied and 
operated upon twenty-nine patients with angina pectoris. All the thyroid 
glands removed were examined grossly and microscopically and found to be 
essentially normal. The selection of cases has been confined to those patients 
whose anginal attacks have persisted for some time (average, males 3.7 


Chart L 
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years and females 4.5 years) and who have had severe anginal seizures at 
rest and without motor activity (angina decubitus). In seven cases there 
was a definite preceding history of coronary closure and in at least two other , 
cases this accident may have occurred. Thus these patients might be regarded 
as serious surgical risks. 

Chart I tabulates our material in relation to the duration of the post- 
operative observation. Twenty-six of our cases have been observed over 
three months and twenty-one cases over six months since the operation. 
One case has been observed for sixteen months since total thyroidectomy 
and our experience in this group, where it is unnecessary for the patients to 
enter severe myxcedema, allows us to feel that a period of two to three 
months’ post-operative study will permit as accurate a gauge of the benefit 
achieved as would a longer period of observation. 
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Chart II tabulates the-immediate surgical risk. In our twenty-nine cases 
there were six deaths, two immediate and presumably related to the surgical 
procedure, and four late and unrelated to the operation. These late cases 
might well be studied in relation to the clinical results tabulated in Chart II] 
but are included here with the other fatalities for the sake of simplicity of 
presentation. An immediate mortality of 6.8 per cent., in view of the type of t! 
individual concerned, is unfortunate but not alarming, and, when one con- 


il 
siders the average duration of life in patients with angina pectoris, tends to d 
u 
CharéZ t! 
TOTAL THYROIDECTOMY ! 
for d 
AINGIVA PECTORIS 
Surgical Mortdlity end Morbidity Statistics 
Tota/ Cases 29 . 
S 
Deaths f 
Immediate — operative mortality 2 (68%) ( 
Both died with coronary closure within it 

#0 hours of operation [6] 
e 
Lete — warelated to operation 4(13.7%)/ 7 f 

Patient Time tnterva/ Type of death 

D. C. 8.75 months CongestiveFailure 
15 days Acute pulmonary edema 
W.5. days Coronary closure h 
C.W. # months Coronary closure ' 
Complications e 
Recurrant laryngeal nerve injury F t 
Voice compensated but cord poralyze/ (3.1%) t 
Perethyroid Tetany 3 
Lowest Blood Cakium readings 73mg, 6-89. (10.3%) 
minimize the danger of the immediate surgical ordeal. This is especially | 
true when one considers that the subsequent deaths are all of cardiac origin, s 
which is the usual end confronting these patients.'' Both fatalities were in \ 
: female cases. Autopsy was obtained in one case and showed marked coronary ( 
sclerosis with recent acute closure. The patient was sixty-seven years old 1 
and had suffered from angina pectoris for seven years. There was no vas- 1 


h 


cular hypertension and the history did not indicate a previous attack of cor- 
onary closure. The second case was sixty-two years old, had suffered with 
angina pectoris for one year only and except for a fairly profound diabetes 
and adiposity, seemed a fair risk. Autopsy was not obtained. Both cases 
died thirty to forty hours following the operation and seemed to be in fair 
condition for about twenty-four hours when signs of failure set in rapidly. 
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Deaths occurring after the patient has left the hospital are reported 
since we shall eventually want information as to whether this procedure 
modifies the usual method of exitus in such cases or contributes to it. It 
will be seen that the late deaths are also of cardiac origin. In the case of 
D. G., autopsy revealed a generalized Buerger’s disease extending even to 
the aorta with death due to gradually increasing myocardial damage. In the 
interval between the operation and death the painful seizures practically 
disappeared except with extreme effort. Symptoms of cardiac failure grad- 
ually increased and ascites became very troublesome. Autopsy showed no 
thyroid tissue remaining (operation December 14, 1932). In the case of 
A. H., relief from painful seizures was immediate and spectacular. This 
doubtlessly contributed toward too great activity for this patient. Eighteen 
days after operation, while walking on the street, he suddenly developed 
symptoms of acute pulmonary cedema without pain and died shortly there- 
after. W. S. made a similar good immediate recovery and his painful 
seizures disappeared. Five days after his operation, while walking, he suf- 
fered from a typical attack of coronary closure with considerable substernal 
distress, though he stated that the pain was different and not so severe as 
in his preceding seizures. Coronary closure was confirmed by post-mortem 
examination. C. W. was a thin, active man of fifty-three who had suffered 
from five to six years with extremely painful attacks of typical anginal pain, 
requiring large doses of nitroglycerine daily. Following thyroidectomy he 
was free from pain and returned to work. One month after the operation 
he was able to walk two miles, a part of this up a steep hill, without pain, 
although he became a little dyspnceic. Two months after the procedure his 
basal metabolic rate was found to be minus 25 and he was given thyroid 
extract one-quarter of a grain (Armour’s) daily. Painful seizures recurred 
though they were modified in comparison to his pre-operative pain. The 
thyroid medication was then withdrawn without affecting the frequency or 
severity of his seizures. One week before his death his basal metabolic rate 
was minus 24. Finally the day before he died he was seized with a typical 
and severe anginal pain at 2:00 p.M. This pain steadily increased in spite 
of nitroglycerine and morphine until with a final bout of terrific substernal 
pain death brought relief. The information in relation to this case is con- 
siderable: (1) There was a preliminary period of two months after operation 
with almost complete freedom from pain even with considerable effort; 
(2) either because of, or at least coincidental with, thyroid medication, pain 
recurred; (3) withdrawing thyroid did not alter the pain; and (4) he died 
with a low basal metabolic rate in a typical attack of coronary closure, sub- 
stantiated by the autopsy findings. 

From a study of these late fatalities one can feel certain that cardiac 
deaths will continue irrespective of thyroidectomy. The pain in coronary 
closure, however, may be somewhat mitigated. Whether death is delayed 
to a later period one cannot hazard an opinion at this time. That the level 
of the basal metabolic rate is not the only factor may find some support 
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here in that the relief, which was seen early and to such a striking degree in 
all these four cases, occurred before the basal metabolic rate had been lowered 
appreciably. Yet in one case (C. W.) pain to a greater degree than before 
operation occurred when the basal metabolic rate was considerably lowered, 

The chief complications are (1) injury to the recurrent laryngeal nerves; 
and (2) parathyroid deprivation. We have observed four patients with a 
recurrent paralysis in this group of twenty-nine cases. In one of these 
patients (A. P.) eight months after operation the paralysis had disappeared. 
All the the other patients have acquired vocal compensation so that one can- 
not detect any gross speech defect, but the affected cord remains function- 
less. The avoidance of this difficulty which constitutes the only great tech- 
nical feature of the operation depends upon full visualization of the nerve 
and almost perfect hemostasis. There are two points at which the nerve 
may be injured, one where it loops over branches of the inferior thyroid 
artery in close proximity to the posterior capsule and where traction on the 
hemostat on the vessel angulates the nerve sharply, deceiving the operator 
as to its real position; the other at the point where it enters the larynx. If 
a total thyroidectomy is to be done, this danger will continue to exist and 
can be lessened only by technical perfection. 

Parathyroid tetany has proven an unnecessary worry (1) since in the 
three patients in the angina pectoris group in which it developed its clinical 
manifestations were little more than positive Chvostek and Trousseau’s signs 
with occasional cramps in the hands and leg muscles and general irritability ; 
and (2) because it was efficaciously controlled by the administration by 
mouth of five drops of viosterol once or twice daily and four to six grams 
of calcium lactate daily.17 1% The lowest blood calcium determinations were 
6.6 milligrams per cent. and 6.8 milligrams per cent. in two patients, these 
being made thirty days and fifteen days, respectively, after operation. Once 
tetany occurred as early as the fourth post-operative day and then again was 
not noticed until the patient was in myxcedema thirty days following opera- 
tion. With the administration of thyroid extract to patients with tetany the 
circulating calcium usually fell, though without the patient manifesting signs 
of tetany. The great number of calcium determinations which we carried 
out verify the accepted influence of the parathyroid in calcium metabolism. 
Our small experience with iow blood calcium levels in these studies, aug- 
mented by further experience following subtotal thyroidectomy, has con- 
vinced us of the great efficacy of feeding viosterol and calcium by mouth 
in counteracting post-operative parathyroid tetany.'* 1% Our experimental 
evidence reveals the same effect and has allowed us to do away entirely with 
parathormone therapy as well as to quiet our early anxiety concerning this 
possible complication. At the present time none of our cases of total thy- 
roidectomy is in difficulty with this complication and apparently in the few 
cases in which it occurred compensation has been complete. 

Chart III summarizes the clinical results. The evaluation of results is 
one of our chief considerations and greatest difficulties. The improvement 
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in cases with congestive failure can be made partly objective; one can guage 
increased activity, watch the disappearance of peripheral oedema, ascites, 
pleural fluid, visualize the lessening dyspnoea, observe the liver edge dis- 
appear beneath the costal margin, accurately register the pulse rate, blood- 
pressure, vital capacity, etc. But with angina pectoris the improvement is 
entirely subjective; the patients have an adequate circulation before opera- 
tion, and pain is their chief and usually their only complaint. By the modi- 
fication or disappearance of pain alone can we measure success or failure. 
At the same time, certain studies were essential both from the point of 


Chart 
TOTHL TH YROIDE C7 OMY 


SINGING PECTORIS 


Clinical Results in 21 Patients 


Excelent (90-100%) = 10(#76%) 


} 1466.67) 
Good (75-89%) = 4 
Fai (50-74%) = 5 
} 7 (63.3%) 
Poor (0 - 49%) - & (95%) 
Percentage stil/taking nitroglycerine 
No nitroglycerine 4767 
Yes, but occasionally 19.07, 


Yes, o// less then before operation 35.57 


Excellent norea/ pain, do not take nitroglycerine, 
activity resumed. 


Good — occasiona/ attacks of modified pain, two petrents 
inthis group have taken nitroglycerine on rere 
occasions, a/most activity resumed. 


Fair — daily attacks of modified pain relieved by nitro- 
glycerine. Allhave resumed an active Uife, 
women co housework, men have resumed occupations. 


Poor — frequent attacks of modified pain for which they 
take nitroglycerine, activity limited. 


view of prophylaxis against future trouble and in order to measure the status 
of the organism as a whole under this new condition of total thyreopriva. All 
possible measurements of the circulation were made, viz., four-hourly pulse 
rate, bi-daily blood-pressure determinations, circulation rate tests, vital 
capacity tests, electrocardiography, exercise tests, rontgenograms of the 
heart and lungs, skin temperature observations, venous pressures in con- 
gestive failure cases, renal function tests and the response to injected adrenalin 
on selected cases. Basal metabolic rate determinations were made repeatedly 
and complete studies of the blood chemistry levels, including calcium, phos- 
phorus, blood iodine, cholesterol and non-protein nitrogen were included in 
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all our earlier cases. Finally, we have conducted careful psychological 
studies in an attempt to measure any alteration in mental function following 
the onset of myxcedema. For this we have utilized a group of rather simple 
symbol formation tests* which gauge both shifts in physical accuracy (motor 
function) as well as actual intelligence changes (sensory function). All] 
tests have been repeated frequently immediately after operations and at 
varying intervals before the onset of myxcedema, in myxcedema, and during 
thyroid medication. With increasing experience and the knowledge that no 
serious changes were occurring, some of these tests have been discontinued, 
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Before — OPERATION — After Weeks 
Most important of all in the angina pectoris group have been our repeated 
contacts with the patient in an attempt to evaluate improvement or failure 
to obtain relief. This is the crux of the matter and yet remains our chief 
obstacle, for in this field one deals with the individual psychology. One 
must carefully avoid suggestion and most of these patients are introspective 
and easily influenced by suggestion. Often the mate or other members of 
the family can gauge the result more accurately. We have done the best we 
can to be critical of our results; we have utilized the use of nitroglycerine 
or other drugs as a measuring rod; we have tried to evaluate increased or 


* These tests were devised by Dr. F. L. Wells, of the Boston Psychopathic Hospital, 
for whose advice we are very grateful. 
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decreased physical activity, the modification of the pain if it remains and these 
subjective symptoms have been checked against the basal metabolic rate, 
the circulatory rate, the level of blood cholesterol and the administration of 
thyroid substance. 

Charts IV and V represent the relationship of the basal metabolic rate, 
circulatory rate and blood cholesterol as followed through the period of 
observation. Chart IV includes five selected early cases allowed to enter 
myxcedema and then restored to normal by thyroid medication. This was 
accomplished without recurrence of pain. Chart V represents all determina- 


Chart V 
Angina Fector/s 21 Patients 
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tions in the angina pectoris group. Accurate mathematical deductions are 
impossible because of the variability in number and frequency of the tests. 
They do show well, however, the general relationship of these data. The 
atypical case overweights the curve, but as a group the curves show the 
fundamental relationship. 

All of the twenty-three patients have been studied within two weeks of 
the presentation of this data and were active enough to come to the hospital 
and discuss their situation. Twenty-one of the twenty-three patients have 
been observed for from sixteen to two and one-quarter months after opera- 
tion. Two of these twenty-three patients were operated upon so recently, 
April 23 and April 27, that although they show marked immediate improve- 
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ment their cases are not used in the group of twenty-one cases whose results 
are tabulated on Chart III. 

The groupings in Chart III were agreed to by at least four observers. 
All patients experienced some modification of their painful seizures. Our 
difficulty lay in evaluating the amount of amelioration and improvement, 
Cases in this symptom complex cannot easily be compared to each other, for 
the state of their underlying pathology is wanting, so the grouping we have 
set up is somewhat arbitrary. A summary of the criteria for each group 
appears on Chart III and needs no further elaboration except to point out 
that in at least two cases (J. S. and J. M.) symptoms of myocardial failure 
which had supervened since the operative procedure made evaluation diffi- 
cult. In such cases the pain is relieved but activity is diminished. These 
groups, however, will serve as a general indication of what the surgical pro- 
cedure may have accomplished. 

Considerable difficulty was found in gauging the return of activity as 
compared with the patients’ desires. If a patient was bedfast or chairfast 
preceding operation and became active enough to do housework and walk 
about without pain, we agreed the result was good or excellent even if the 
patient still desired to indulge in heavy manual labor which we prohibited. 
In like manner, a patient with mild pain on exertion, such as when walking 
up hill, who felt discouraged because he could not be so active as a normal 
man of his age, we classified as either fair or good since he was vastly im- 
proved over his pre-operative condition. Under such circumstances, a rela- 
tive often gave us more reliable information than the patient. For example, 
G. S., an active business man of sixty with an anginal history of seven 
years’ duration, who preceding operation was incapacitated and filled with 
apprehension, taking twenty to thirty nitroglycerine tablets a day, appeared 
discouraged at his last visit. Careful questioning revealed that he still had 
attacks of pain but that these were modified as to intensity and radiation. 
However, he was taking nitroglycerine several times a day although in ex- 
tremely small doses, often breaking up a 1/1ooth grain tablet into four parts 
and receiving relief from the small fragments. Moreover, he went to his 
work daily and often had no pain for five or six hours. His wife, who had 
watched him through the agonizing attacks in the period preceding his opera- 
tion and remembered his complete incapacitation, was emphatic in speaking 
of his great improvement. Such a patient, whose ambition was to be com- 
pletely normal, judges any infringement of total perfection as a great 
disappointment and a failure. In this case we have qualified the result as 
25 per cent. relieved, for the patient continues to carry on in modified fashion 
work he was incapacitated for at the time of the operation. The summary 
of our results gives 47.6 per cent. improved from go-100 per cent. ; 66.6 per 
cent. improved from 75-100 per cent.; 90.4 per cent. improved over 50 per 
cent.; and 9.5 per cent. less than 50 per cent. improved. These figures alone 
are satisfactory when one considers that these cases were all patients who 
had severe attacks of pain at rest and in whom the ordinary forms of medical 
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therapy had brought no measurable relief. As a group they are grateful 
and satisfied. The table presenting the usage of nitroglycerine after thy- 
roidectomy is given as an indication of the amount of pain still present. 
Since the pain has been considerably modified in all cases it is obvious that 
the amounts used by those patients still taking the drug is less. A further 
interesting finding seems to be that smaller doses of this drug will bring 
relief such as the story enumerated above concerning the patient G. S. 

In a consideration of the benefits we must determine whether this is 
brought about without any other undesirable physiological change or whether 
this benefit must be accompanied by myxcedema and its attendant sequelz. 
The matter of the immediate operative difficulties, tetany and recurrent 
nerve paralysis have been discussed and set aside as of no particular danger 
or as surmountable without risk to the patient. But this matter of myxce- 
dema is of double importance since on it depend not only the desirability 
of the operation, if such a post-operative condition be essential to the suc- 
cess of this undertaking, but also an appreciation of why the patients are 
benefited. 

In view of the suggestion by Blumgart* that the immediate relief is due 
to the interruption of nervous pathways from the heart and is only temporary, 
we can state that no demonstrable skin changes have been elicited in our 
patients other than those due to the division of the sensory nerves in the 
wound itself. Moreover, an extensive experience with cervicothoracic sym- 
pathectomy in the treatment of angina pectoris has convinced us that even 
direct division of the sympathetic chain creates but a temporary and evanes- 
cent sensory alteration.‘ And we have never noticed a Horner syndrome 
which would result with interruption of the main connecting sympathetic 
trunk in the neck. 

The role played by myxcedema must be carefully considered. When 
this work was initiated we felt it wiser to allow all our patients to .enter at 
least mild myxcedema but as our experience increased and the initial benefit 
was maintained in spite of no great depression of the basal metabolic rate, 
we instituted thyroid medication before any signs or symptoms of myxcedema 
appeared. Pre-operative basal metabolic rate determinations of all cases 
show averages from minus 7.5 to plus 7.6 and lower and upper limits of 
minus 15 to plus 15. Basal metabolic rate readings for the five lowest deter- 
minations in five separate cases were minus 33, minus 30, minus 33, minus 32, 
and minus 29. No patients in this group have been deliberately kept in 
severe myxcedema and the same five cases noted above have shown, since the 
low determinations and since the institution of thyroid therapy, other basal 
metabolic rate readings as high as minus 16, minus 8, minus 14, minus 8, and 
plus 1 without significant alteration in their cardiac symptoms. In addition 
other patients with basal metabolic rate determinations of plus 5 (A. P.), 
plus 6 (M. G.), minus 4 (E. S.), plus 1 (N. N.), plus 3 (E. S.), and plus 2 
(L. B.) have experienced either no pain or no difference in their sensations 
than when their basal metabolic rates were at a lower level. This matter 
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of the relation of the basal metabolic rate level to myxcedema, to the 
cholesterol level in the blood-stream, and to the circulatory rate has caused 
us considerable perturbation. We are now convinced that the basal metabolic 
rate alone is not a reliable indication of myxcedema, for we have several 
patients (EE. S., N. N., A. P.) whose basal metabolic rates are within normal 
limits but whose circulatory rates are prolonged, whose blood cholesterol 
determinations are elevated and who show definite clinical signs of myxce- 
dema. Perhaps the best example of this difficulty is the case of E. S., whose 
basal metabolic rate determination was plus 3 at the same time her cir- 
culatory rate was 40 seconds and the blood cholesterol 610 milligrams per 
cent. The basal metabolic rate determination when repeated was plus 4 one 
month later and the preceding month was plus 1. The case of I. S. pre- 
sented a similar difficulty. With a basal metabolic rate of minus 4 there was 
a circulatory rate of 22 seconds and a blood cholesterol of 390 milligrams 
per cent. Experiences such as these have made us lose confidence in too 
much dependence on such data. We have learned that it takes about six 
weeks to reach myxcedema and that thyroid therapy may well be begun at 
about three weeks after operation. 

Other Clinical Studies—Simple mental tests have been carried out to 
determine the variation of the more simple sensory and motor functions in 
myxcedema as compared to the pre-operative normal level for each indi- 
vidual. Thus far it appears that the individual of average intelligence and 
dexterity can perform the usual daily function quite as well in the state of 
myxcedema as before operation. The changes that can be measured are a 
slowing of the ability in the spheres of higher motor and sensory functions 
as the performance of specialized motor acts and more complex cerebral 
activity. 

Blood sugar tolerance tests were carried out on a group of patients, since 
Lorand,'* in 1904, and others later, stated that removal of the thyroid gland 
increased sugar tolerance and therefore should be used in the treatment of 
diabetes mellitus. Our studies have not confirmed this. There was a 
tendency to lowering of the fasting blood-sugar level in some cases, but the 
type and height of the curve were not altered appreciably. 

To study further the relationship between the thyroid gland and va- 
somotor apparatus, skin temperature determinations were made before and 
after operation. We adopted the hot-water bath technic of Gibbon and 
Landis” to produce the vasomotor relaxation because of its simplicity, rela- 
tive consistency and apparent effectiveness in relaxing vasomotor tone. The 
resulting skin temperature changes were recorded with a tycos dermatherm 
at one-minute intervals until complete vasodilatation was accomplished. 

Morton and Scott’® have defined a maximum dilatation response for 
normal vessels that has been designated the “normal vasodilatation level.” 
The lower limit of this maximum level for the surface temperature of the 
great toe whose vasoconstrictors have been released by general or spinal 
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anesthesia, or this technic of Gibbon and Landis, is 31.5° C. (88.7° F.) ata 
room temperature of 20.0° C. (69.0° F.). 

Studies of skin temperatures were made in a series of nineteen patients 
with angina pectoris before operation and the vasodilator response deter- 
mined. Seventeen of these had a normal thyroid gland and a basal meta- 
bolic rate within normal limits. Of the two remaining, one was a recurrent 
hyperthyroid with angina (basal metabolic rate plus 34); the other was a 
spontaneous myxcedema with angina (basal metabolic rate minus 17). A 
total thyroidectomy was done under local anesthesia, thereby enabling post- 
operative studies to be done. When a general anesthesia has been used, 
post-operative studies are too variable and not reliable since the anzsthesia 
itself gives complete vasomotor relaxation (Herrick, et al."). Five patients 
were used as controls from which we were able to conclude that rest in bed, 
operation under local anesthesia or repetition of the test, did not show the 
vasomotor changes as did those that followed total thyroidectomy. 

In the same nineteen thyroidectomized patients, post-operative studies 
were carried out at varying intervals, as on the fourth post-operative day, 
again seven weeks later when the patient was in clinical myxcedema, and 
again after administration of thyroid substance. 

We observed that immediately after operation there was a higher initial 
skin temperature than before operation. Although nearly all cases were 
able to reach the 31.5° C. level before operation, they were able to reach it 
more easily and in a shorter period of time after operation. We believe 
these changes to be due to a diminished vasomotor tone with a relaxation 
of smaller vessels (arterioles and capillaries), thereby permitting a greater 
blood volume flow through these vessels. 

As the patient reached myxcedema, we observed, as have others previ- 
ously, that the initial skin temperature is lower than in the normal state. 
However, we found their skin vessels capable of dilation equal to the post- 
operative level in most cases, although it required a longer time to reach it. 
This delay was thought due to the myxcedematous infiltration into the skin 
and to the slowing of the circulation. 

The feeding of thyroid substance to these patients raised the initial skin 
temperature and vasomotor response to near the early post-operative level. 
This, of course, varied in different individuals since their response to thyroid 
gland substance was variable. The patients are given only small amounts 
of thyroid substance to maintain them in an optimum state, and this tends to 
myxoedema. 

These results seem to indicate what was anticipated—a definite link be- 
tween the thyroid gland and the vasomotor apparatus. 

Experimental Angina Pectoris—In order that all possible information 
be assembled, we determined a year ago to study the effect of total thy- 
roidectomy on angina pectoris in animals. Sutton and Lueth'® had evolved 
an experimental procedure which permitted them to obstruct the coronary 
vessels by pulling on a ligature placed about them. They had shown that 
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this produced a painful response in the dog. White!® and others had utilized 
this in the study of the reduction of cardiac sensitivity after interference 
with the sympathetic supply to the heart. The experimental set-up is simple 
and consists of opening the chest, passing a ligature just beneath a Major 
descending coronary artery, leading the two threads out to the chest-wal] 
through a glass tube flanged at both ends, closing first the pericardium and 
then the chest-wall tightly about the glass tube. When the animal regains 
consciousness, the threads can be pulled and response manifested by stiffen- 
ing of the limb, deepening and quickening of the respiration and other signs 
of physical disturbance, making the end-point unmistakable. 

Dr. Philip Shambaugh, Arthur Tracey Cabot Fellow in our Laboratory 
of Surgical Research, has successfully completed experiments regarding this 
particular matter.*° The logical thing to do was to extend Sutton and 
Lueth’s set-up so that it could be made a permanent affair and the painful 
response tested in the animal before and after various procedures, including 
total thyroidectomy. Doctor Shambaugh found, however, that the nature 
of the experiment did not permit of continued and repeated estimations of 
the painful response over a long period of time. He was able to show 
that in dogs with and without thyroids the response was approximately the 
same. Then following the lead suggested by our experiences with the pro- 
duction of pain by the injection of adrenalin, he modified the original set-up 
so that the threads which came out of the glass tubes passed up over pulleys 
to which weights were attached. A constant tension of somewhere around 
100 grams, varying in different animals, could be placed on the string, 
when the animals had regained consciousness, without producing pain. How- 
ever, the intravenous injection of a vasopressor dose of adrenalin, with the 
constant tension in effect, produced a typical pain response without a further 
shift in the weight. Injection of the adrenalin without the pull on the 
coronary suture produced no evidence of discomfort. Experiments utilizing 
this subminimal pull, which produced no pain, and then injecting adrenalin, 
were repeated in a number of dogs always with the same result, that is, pain 
resulted with the addition of adrenalin to this particular set-up. In view 
of the clinical studies by Wayne and Laplace”! in which they concluded that 
the rise in pulse rate was of more importance in the production of anginal 
pain than the rise in blood-pressure, Shambaugh repeated his experiments 
with atropine in place of adrenalin. This produced a sudden marked increase 
in heart rate without a rise in blood-pressure. However, with the sub- 
minimal pull on the coronary suture the atropine failed to evoke the pain 
response, whereas when to this same animal adrenalin was added _ sufficient 
to produce a blood-pressure response pain resulted. Such experiments would 
tend to support the concept that adrenalin may play some role in the pro- 
duction of the painful anginal seizures. 

Discussion.—From the data presented by our case studies, we have the 
impression that the relief obtained by total thyroidectomy cannot be measured 
entirely in terms of the basal metabolic rate. This is not unexpected, for, 
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even if the basal metabolic rate was an accurate measure of the circulatory 
phenomena in thyroid dysfunction, it has been recognized for years that 
physicians who commonly treat patients with myxcedema have always been 
troubled by a too great reliance upon the basal metabolic rate as an indica- 
tion of the condition of their patients.** Again, both surgeons ** and physi- 
cians have taught that the basal metabolic rate could not be relied upon as an 
index of the amount of damage a goitre might be doing to the heart. This 
distrust of the basal metabolic rate is seen again in the writings of Wilson,”* 
and Levine and Sturgis,”° who in patients with cardiac complaints have been 
able to predict the onset of Graves’ disease in the presence of a normal basal 
metabolic rate. It may well be that the recent experiments with dinitrophenol, 
which show that this drug produces a rise in the basal metabolic rate without 
any of the circulatory signs of Graves’ disease, give us a hint that the basal 
metabolic rate factor is separate from the circulatory factor and that we 
must not look upon them as different results from the same substance. 

In a search for some other explanation for the relief in our patients we 
have amassed certain data suggesting that adrenal function may play a role. 
We have reported the change in the adrenalin response before and after 
thyroidectomy. The skin temperature changes, though minimal, seem 
definite and may suggest a shift in the vasoconstrictor mechanism which 
would again involve the adrenal. We have noted that dentists, who more 
commonly than others combine adrenalin with their novocaine injection, have 
taught for some time in dental schools that in patients with angina pectoris 
and other forms of heart disease the injection of strong solutions of adrenalin 
may prove dangerous and even fatal. Further allied information is seen 
in the experiments of Field and Bock,2® who demonstrated that adrenalin 
increases the rate of flow to a faster level than thyrotoxin at the same caloro- 
genic level and thus disproportional to the metabolic increase. This might 
be translated to mean that it is the diminution of cardiac work after all that 
yields us our increment of improvement. Only it is not work that can be 
measured by the basal metabolic rate and, indeed, may be work plus an 
unknown factor. Still further is the possible relation found in that condi- 
tion called “tobacco angina.”’ Certainly a percentage of heavy smokers suffer 
from anginal attacks. It has been demonstrated that nicotine produced 
hyperglyceemia by stimulating the adrenals. Is not “tobacco angina” akin to 
the pain we can provoke in a comfortable patient by the subcutaneous 
injection of adrenalin ? 

If we consider again the hypothesis suggested above, that the basal 
metabolic rate and circulatory factors are separate, we can easily see how 
a patient with a low basal metabolic rate might well have anginal attacks 
and yet not show at autopsy any greater degree of sclerosis than another 
patient whose basal metabolic rate was normal; and conversely we can see 
an explanation for our finding four cases with a basal metabolic rate above 
normal and yet no recurrent angina. 

All these data tend to show an intimate relation between adrenalin-effect 
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and the thyroid gland, a matter given great consideration by George Crile 
for many years.*" It is this evidence combined with the immediate relief 
given to patients with angina pectoris that leads us to the belief that in 
cases of angina pectoris relief following total thyroidectomy comes through 
a diminished efficiency of the adrenalin secretion. This must produce clinical 
relief from pain by decreasing the sensitivity of the heart to the adrenalin 
effect, since it has been shown that thyroidectomy does not decrease the 
adrenalin output.2* Thus relief is not accomplished because of the fall in 
the basal metabolic rate, but by another effect produced by this operation. 
We have here perhaps a new explanation for angina which emphasizes the 
adrenal gland. This gives an acceptable explanation to the psychological 
aspects of this disease and explains why mental perturbation is as adequate 
a stimulus for an attack of angina pectoris as physical labor. 

Irrespective of the scientific data accumulated and stripped of all scientific 
implication, total thyroidectomy offers to patients with angina pectoris a 
hope heretofore wanting. There are, of course, obvious criticisms of the 
procedure which will be brought up. We are removing a normal structure 
which we know has most important functions. We certainly do not have 
in purified form a product which when fed or injected into a patient will 
restore all of the functions of this gland. It is this fear that thyroid feeding 
would not completely restore all functions in our patients that has led to the 
great thoroughness of pre-operative and post-operative studies on our cases 
and to our withholding from publication much of the data accumulated. With 
the experience which we now have it is proper to state that careful psycho- 
logical tests before thyroidectomy and when the patient is in surgical myx- 
cedema have somewhat allayed our fears as to a possible great reduction in 
mental function. At the same time our experience in feeding thyroid in 
order to keep the patient out of severe myxcedema has indicated to us that 
possibly this surgical myxcedema is somewhat different from the spontaneous 
form and, indeed, more easily treated. We have found that giving one-half 
grain of thyroid extract (Armour product), daily for a week will give a big 
initial jump in the basal metabolic rate, which can be maintained at any 
desired level by the continued use of one-quarter grain of the extract daily.* 
Patients on this amount of extract may be held just below a normal basal 
metabolic rate and apparently are in a practically normal condition. 

SumMary.—(1) This study concerns twenty-nine patients who have been 
submitted to total thyroidectomy for angina pectoris since December 14, 
1932, at the Peter Bent Brigham Hospital. 

(2) Only patients with the most severe form of the disease (‘angina 
decubitus”) were selected. The average duration of the disease before 
operation was for males 3.7 years and for females 4.5 years. 

(3) The twenty-one patients in whom the post-operative period of obser- 
vation was from two and one-quarter months to sixteen months showed im- 
provement. The amount of relief is gauged as follows: 47.6 per cent. 


* Eppinger and Levine: J. A. M. A., vol. 102, p. 2076, 1934. 
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improved from 90-100 per cent.; 66.6 per cent. improved from 75-100 per 
cent.; 90.4 per cent. improved over 50 per cent.; and 9.5 per cent. improved 


less than 50 per cent. 

(4) Total thyroidectomy produced a reduction in pain disproportionate 
to the depression of the basal metabolic rate. This fact, coupled with the 
immediate and dramatic relief, the skin temperature changes, the effect of 
adrenalin before and after operation, the effect of adrenalin in the production 
of experimental angina pectoris, the known relationship between the thyroid, 
the adrenal and the sympathetic system suggests that adrenal secretion is 
an important factor in the attacks of angina pectoris. 

(5) How total thyroidectomy shifts the adrenal effect is not known, but 
since the cardiac innervation is intact and thyroidectomy does not decrease 
the output of adrenalin we have proposed that the effect is produced locally 
and the cardiac mechanism rendered less sensitive to this hormone. 
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1% Discussion.—Dr. William Edward Gallie (Toronto, Ontario) said his experience 
covers nine cases, four of which were cases of congestive heart failure and five of angina. 

In the case of the congestive heart failures the results have not been such as to 
x arouse enthusiasm as one died shortly after the operation, of pulmonary cedema, a 
second died a month later without having had any relief, a third is little if any improved 
and only one has shown definite lessening of the oedema and general physical 
improvement. 
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The five cases of angina, however, have been dramatically improved, two of them 
astoundingly so. One case is a man who had been in bed for eighteen months with 
attacks of cardiac pain whenever he would sit up or exert himself in any way. Yet 
following the removal of the thyroid he has not had another attack of pain. It is 
eight weeks now since his operation and he is walking freely and driving his car without 
any of the former pain. His experience has been that of the speaker in that the relief 
from pain has been almost instantaneous. It would seem, therefore, that the explanation 
will be found elsewhere than in the simple lowering of the basal metabolic rate. 

The operation of total ablation of the thyroid brings us face to face with the technical 
dificulties presented by the parathyroid glands and the recurrent laryngeal nerve. Now 
that we are more familiar with the anatomy the parathyroids present less difficulty than 
we had supposed. In each case we have been able to see several of these glands and to 
preserve them in the neck. On several occasions the pathologist reported that one 
gland had been removed with the thyroid but no tetany developed. We think, there- 
fore, that trouble from this source is unlikely. In the case of the recurrent laryngeal 
nerves, however, we have more respect than ever for the difficulties encountered here. 
In about a third of the cases there is no difficulty as the nerve is behind the branches of 
the inferior thyroid artery and may never be seen in the operation. In another third the 
nerve on one side passes in front of some of the branches of the artery. And in the last 
third the nerve is found entirely in front of the branches of the artery and sometimes 
actually imbedded in the capsule of the gland. In such cases the utmost gentleness is 
required and even then a transient laryngeal paralysis may result. 


Dr. Mont R. Retp (Cincinnati, Ohio) said that without in any way distracting 
from the brilliant conception of the work which had just been reported, it appears to 
him to be the logical result of the evolution of thyroid surgery. Our older members 
can well recall the days when toxic goitres were permitted to run their course until 
cardiac damage demanded relief by operation. Later came the idea that toxic goitres 
should be removed to prevent damage to the heart. Then came laboratory tests in the 
form of basal metabolic rates and iodine determinations which led the medical profes- 
sion to believe that the toxicity or damaging effects of goitre could be accurately 
determined. Consequently it was deduced that if these tests failed to show evidences of 
toxicity that the goitres were doing no harm and did not require surgical treatment. 
Still later there came the observations that there might occur great fluctuations in the 
evidences of the toxicity of a goitre where studies were made over a long period of 
time and that, when the clinical history indicated such variations (in the toxicity), the 
goitre should be removed. Finally, there came definite proof that serious cardiac 
trouble might result from a goitre (especially the nodular type) which has never given 
any clinical or laboratory tests of being toxic, and that there might be a marked bene- 
ficial effect upon the heart and blood-pressure by the removal of such a goitre. Some 
observations were made even when the basal metabolic rate was far subnormal. Similar 
observations were made in the case of the thyrocardiac associated with a “burnt-out” 
exophthalmic goitre and a low basal metabolic rate. Finally came the observation that 
cardiac disabilities associated with symptomless and “testless” goitres received greater 
benefit when subjected to a very radical resection of both lobes and the isthmus instead 
of the enucleation of nodules. This procedure has been followed in some clinics for six 
or seven years. The next most logical step, it would seem, is the partial or complete 
removal of apparently normal thyroid glands to lessen the load upon disabled hearts. 

He is not convinced, however, that the results obtained from a radical resection of a 
“non-toxic” goitre and a normal thyroid gland are to be explained entirely on the same 
basis, for he had seen amazing improvement of the cardiac condition following removal 
of a goitre and, at the same time, a return of a minus basal metabolic rate to a normal 
rate. He could not help having some reservations and doubts concerning the total 
ablation of the thyroid gland for angina pectoris and other cardiac troubles. More time 
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must elapse in which to measure the price these patients must pay in the form of 
myxcedema and its attendant mental disturbances. In spite of the dangers of hyper- 
trophy and hyperplasia he would not be surprised if our most satisfactory results wil] 
follow a very radical resection of the thyroid, removing all glandular tissue at the 
upper pole, ligating the inferior thyroid artery and leaving only a very small bit of 
gland sticking on either side of the trachea. In the evolution of our problem have we 
not skipped a stage or two and arrived too suddenly at this radical procedure? If so, 
let us not become discouraged and abandon hope, but rather try more thoroughly the 
intervening steps of a radical but subtotal resection of the thyroid gland. 

In our enthusiasm for this subject let us not forget the painful experiences of Kocher 
who gave the name “cachexia strumipriva” to the condition developing after a total 
thyroidectomy, nor of Sick, Mickulicz, Julliard, Baumgartner, Goundler and many others 
who had similar experiences over a long period of time. After an exhaustive study of 
the clinical and experimental effects of total extirpation of the thyroid gland Halsted 
makes this statement: “These early experiments on human beings have particular 
interest for us because they will not be repeated except by accident or through ignorance 
or in cases of malignant tumor.” 


Dr. WittrAM JAson MIxTER (Boston, Mass.) said it seemed to him that the evalua- 
tion of surgery of the thyroid in angina pectoris can only be made if one compares the 
results which may be obtained by alcohol injection of the dorsal sympathetics, because 
both methods are applicable to this disease in one way or another. White and Smith- 
wick and the speaker had treated forty-six patients at the Massachusetts General 
Hospital with severe angina pectoris with alcoholic injection, with twenty-six patients 
completely relieved of pain. 

Of the total forty-six, over 30 per cent. were cases of angina decubitus. Some 
of them were in a very serious condition from other diseases, even at the time the 
injection was made. One patient had bronchopneumonia and was apparently dying 
from a combination of pneumonia and anginal attacks. For that reason, an attempt 
was made to stop the angina and thereby allow her to recover from her pneumonia. 
That case was a failure and the patient died three days later. 

Of the remaining cases, twenty-six were completely relieved of the pain. The 
remaining cases have fallen into various groups, some partially relieved, some only 
to a slight extent, and a few not at all. These patients were chosen almost entirely 
on the basis of severe anginal pain. 

In listening to these papers and considering their own statistics, it seemed to 
him that angina pectoris is open to attack by total ablation of the thyroid, where the 
cases can be very carefully chosen, where the expectancy of life is great, but that 
another group of cases, the cases with more acute and severe pain, with a shorter 
expectancy of life, can be relieved symptomatically by a very much less _ serious 
surgical procedure. 


Dr. Harry H. Kerr (Washington, D. C.) remarked that it is a very remarkable 
thing that cases of angina have shown such striking results after total ablation of 
the thyroid with complete cessation of pain in a large group, less in others, and none 
in some. He wondered how much the sympathetic has been involved in this surgical 
attack. There is no question but that angina pectoris is remarkably improved by 
sympathectomy. He had used consistently superior cervical sympathectomy in angina 
pectoris for a number of years with results that show a good 75 per cent. relief, and 
some relief in 100 per cent., with complete relief in 50 per cent. This group has had 
no mortality. 

If sympathetic injection will also give relief, he was inclined to believe that sym- 
pathetic attack is more rational and more reasonable for the treatment of angina pectoris 
than the total ablation of the thyroid. Thyroidectomy will have an inevitable mortality, 
and the severe disability that is bound to result from the following myxcedema. 
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Dr. Georce Crire (Cleveland, Ohio) remarked that there is a well-established 
reason why adrenalin is not effective, because adrenalin requires the presence of the 
thyroid before it can be active, so that adrenalin can well be inactivated by removing 
the thyroid gland. He had published this line of investigation some time ago. 

He did about fifty operations at one time in which he wanted to make certain that 
he would not injure the recurrent nerves. Therefore, he divided the muscles trans- 
yersely, so he could see the line of dissection, and then by sharp dissection laid bare 
the recurrent nerves on both sides so that he would know that he did not injure them. 

The results of those operations were the worst he ever had because what happened 
afterwards was that after the patient left the hospital sometimes the scar would block 
the nerve. When he exposed the nerves to see them there would be a scar covering 
them. He thought in doing this operation, if one does just the opposite, that is, does 
not try to see the recurrent nerve but leaves normal tissue covering it, a scar injury is 
not likely to follow the operation. 


Dr. Dattas B. Puemister (Chicago, Ill.) said that removal of the thyroid gland 
lowers the general metabolism; it also lowers the metabolism of the heart muscle itself, 
since the thyroid hormone acts on the heart muscle. This lessens the ability of the heart 
to do its work. Consequently total thyroidectomy, while it lessens the amount of work 
that the heart has to do, acts unfavorable on the heart in decreasing its ability to work. 
Theoretically, this offsets the beneficial effect of the thyroidectomy, the exact extent 
of which should be determined. 


Dr. Greorce J. Hever (New York, N. Y.) remarked that he should be very glad 
to hear from the readers of the papers what happens to the patients who are not im- 
proved and who are reported as failures or unimproved. He had recently had the oppor- 
tunity of observing a patient who had a total ablation of the thyroid and who now is 
in a very curious state. He was operated upon for angina. He now has a moderate 
myxeedema. He is bedridden. He admits he has no pain while he is in bed. The 
administration of the slightest amount of thyroid extract precipitates pain. While he 
seems to be relieved of his pain, he is totally incapacitated. He speaks about a degree 
of fatigue on the slightest exertion which must be, from his description, most profound. 

Doctor Heuer said he had not had enough experience with these cases to be able 
to say anything about them. Although he was on his feet for the purpose of asking 
information from those who had had a larger experience, he should like to add the 
comment that if results such as he had just described are common, they counteract the 
good results in others. The operation should be judged not only on the good results 
that are obtained but upon the nature of the bad results in the 50 per cent. or more in 
which good results are not achieved. 


Dr. James M. Mason (Birmingham, Ala.) inquired as to how frequently total 
thyroidectomy should be advised in young people? Only a few days previously, a col- 
league had performed a total thyroidectomy on a sixteen-year-old girl. It occurred to 
him that even though she was relieved by the operation, a sixteen-year-old patient had a 
long period of time to live during which myxedema might become a very serious problem. 
He, therefore, questioned if total thyroidectomy should be considered at all in these cases 
of advanced heart disease. A further matter to be considered was the relation of the 
cardiovascular adrenal picture to this group of cases and that cognizance should be given 
to the relation of the condition of the kidneys and the blood pressure. 


Dr. Cart Eacers (New York, N. Y.) stated that the various speakers had not 
mentioned in their presentation whether they were dealing with potentially normal 
thyroids or with diseased thyroids. What a difference in the results obtained when 
excising a normal thyroid or when removing a diseased gland, especially a toxic adenoma. 

Doctor Eggers had recently operated on an old cardiac patient who developed a 
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thyroid enlargement during her illness. There was no doubt that the cardiac condition 
with its periods of decompensation preceded the onset of thyroid enlargement by many 
years. Though she seemed a very bad risk they felt that the condition of the heart 
had become much aggravated by her toxic adenomata, and advised a subtotal thy- 
roidectomy. It was performed in one stage and brought remarkable improvement in 
her subjective and objective symptoms. 


Dr. WALTER B. CANNon (Boston, Mass.) said naturally enough, the work the 
surgeons have been doing in Boston has interested greatly the group in the physiological 
laboratory of the Harvard Medical School because they have been investigating the 
sympathetic and adrenal in animals and to some extent the thyroid. 

He said some work that has recently been done bore on questions brought up 
that morning. For a number of years they have been using the denervated heart as an 
indicator of bodily conditions. The heart, completely deprived of its nerves, is then 
connected with the rest of the body only by the blood-stream. Under these conditions 
it does its job as a pump, but now is affected only by changes in the blood. It is ex- 
traordinarily sensitive to circulating adrenine. It will beat faster if there is an increase 
in concentration of adrenine of one part in 1,500,000,000 parts of blood. It is a very 
sensitive indicator. 

If you give standard doses of adrenalin, you can increase uniformly the rate of the 
denervated heart. If you expose the animal to a standard degree of cold, you can 
increase the rate of the denervated heart fairly uniformly by the secreted adrenine. 
Similarly if you give the animal standard doses of insulin and reduce the blood to 
sugar there will be standard increases of the denervated heart. These tests Doctors 
Sawyer and Brown have repeated over and over again. Thus there is a measure of the 
amount of adrenine secreted and the sensitiveness of the heart to the adrenine in the 
circulation. 

He regretted that he must differ from his friend Doctor Crile in his statement that 
after the thyroid is removed the effect of adrenalin is abolished. They do not find that to 
be the case. What happens is this: Day after day for about seven days there is a 
gradual reduction in the effect of adrenalin until it comes down to about 50 per cent. 
what it was before. That means that after thyroid removal the sensitiveness of the 
heart to circulating adrenalin is reduced about one-half, and that the procedure which 
has been described by Doctor Cutler, directed toward lessening the sensitiveness of the 
heart to the upsets that occur with struggle or excitement, is effective to that degree. 

If the metabolism of the animal is increased by giving thyroxin until it is restored 
to normal, the standard injections of adrenalin or the physiological procedures which 
produce standard increases of adrenine secretion will have the same effect as before. 

The question was raised by Doctor Phemister as to whether the heart is inde- 
pendently sensitive to thyroxin. In answer may he state that Doctors Sawyer and 
Brown have inactivated the adrenal glands in animals with the heart denervated, so 
that the heart is no longer under control of the nervous system or the adrenals; it then 
beats uniformly, and at a relatively slow rate. Thyroidectomy lowers the pulse. Giving 
such an animal thyroxin may now run the pulse up 40 or 50 per cent. above the lowest 
level, in the absence of any control. It is clear that the heart shares with the rest of 
the body the increase of the metabolic processes. 

There is another way of meeting this problem of reduced tax on the heart that he 
should like very much to see tried. It is hardly a surgical procedure. During the 
War Francis Benedict, of the Carnegie Nutrition Laboratory, found if he reduced the 
amount of food which was given to young men, so that they received, as he recalled, 
between 1,500 and 2,000 calories daily instead of the ordinary 2,500 or 3,000 calories, 
their metabolic rate went down to a considerable degree and many interesting changes 
took place under the circumstances. Activities which they engaged in were reduced in 
their intensity. Certain instincts which are common enough in young men largely dis- 
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appeared, and there was a very considerable change in their whole attitude and active 
participation in affairs. It is conceivable that something of that sort might be tried 
in these cases, just as a matter of experiment. As he understood it, we are now in the 
experimental stage so far as treatment of angina is concerned. It might be worthwhile 
trying that method. 


Dr. Emit Goerscn (Brooklyn, N. Y.) said the suggestion was made by Doctor 
Cutler that the improvement in the cardiac status of patients with angina pectoris who 
are subjected to total thyroidectomy may to a large extent be due to an alteration in the 
effectiveness of the patient’s own adrenalin. This seems to be logical since we know 
that in acute hyperthyroidism there is an excessive sensitiveness to adrenalin and that 
with a progressive decrease in the hyperthyroidism there is a proportional progressive 
decrease in the sensitiveness of the patient to adrenalin. He had been interested in these 
manifestations for many years and had made several hundred tests of the sensitivity 
to adrenalin of patients with various types of thyroid disorder. The greater the degree of 
hypothyroidism present in a patient, the less sensitive we find this patient to adrenalin. 
Consequently in the clinical state following total ablation of the thyroid gland, the 
sensitivity to adrenalin is enormously diminished and perhaps, as Dr. Crile says, almost 
clinically abolished. Whatever portion of the cardiac pain may thus be due to adrenalin 
is consequently abolished. 

The second point he wished to make was with reference to the extent of resection 
of the thyroid gland. It may be found that complete thyroidectomy may not be the 
most desirable procedure in the cases under discussion but rather that the surgeon may 
possibly leave a very small granule of thyroid tissue on each side and thus produce 
the necessary degree of hypothyroidism but not a profound myxcedema which follows 
the complete ablation of the gland. He realizes that the purpose of the total thyroidectomy 
is to avoid the subsequent hyperplasia which occurs when the smallest remnant of thyroid 
tissue remains. This degree of hyperplasia may again not be so great when the resec- 
tion is just short of total. There is apparently some difference in the behavior of the 
remnant of normal gland and the remnant of exophthalmic gland when the latter has 
been too radically resected, for we know that if the exophthalmic gland has been too 
radically resected one may produce a rather severe hypothyroidism from which the 
patient never spontaneously recovers. The remaining remnant of gland seems unable 
to hyperplase and function sufficiently for the normal needs of the individual and to 
restore the normal metabolism and health. Consequently one is forced to depend 
indefinitely upon thyroid feeding. It appears that the remnant, in a very extensive 
resection of the normal gland behaves somewhat differently since, as he understood, 
even the smallest remnant of the normal gland will in due time hyperplase and defeat 
the purposes of the operation. These thoughts bring up the question of the potential- 
ities of hyperplasia in the different functional type of thyroid tissue and that is some- 
thing we do not understand at the present time. 


Dr. J. SHELTON Horstey (Richmond, Va.) remarked that he had had experience in 
operating upon but one case of this kind with a serious complication of the heart, in which 
one feature particularly impressed him, namely, the question of the pain in the epigastric 
region. The patient, recommended by his medical associate, had been operated upon a 
year previous for gall-bladder disease and exhibited typical pain and showed a markedly 
decreased function on X-ray examination. The Graham test was about 40 per cent. 
Although the cardiac condition was fully appreciated, the clinical condition was that of 
gall-bladder disease. At operation, the gall-stones were removed. There was marked 
disease of the gall-bladder noted. The patient withstood operation fairly well but died at 
end of six months from congestive heart failure. 

In another case, performed a thyroidectomy following the general principles Doctor 
Crile has mentioned, staying close to the capsule of the gland and endeavoring not to 
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interfere with the recurrent laryngeal nerve. Patient made a satisfactory operative 
recovery with no impairment of the function of the voice. Two weeks post-operative, 
patient had typical attack of gall-stone colic for which I operated three days later remoy- 
ing a gall-bladder with stones. 

The matter to which I wish to call particular attention is the difficulty which some- 
times arises in differentiating between the pain in gall-bladder disease and that caused 
by the frequent enlargement of the liver in cases of decompensated heart disease which 
may give one the impression of a much greater degree of gall-bladder pathology than one 
really finds at operation. 


Dr. CHarLtes G. Mixter (Boston, Mass.) said he would say one word about the 
question of extreme subtotal resection. That has been tried by Doctor Rose and others 
and by ourselves, and he believed also Doctor Cutler in his first case used the same 
procedure, leaving simply a very small fragment of thyroid gland. 

In their cases they found, after doing two of them by that method, they obtained 
temporary improvement. With gradual return of the basal metabolic rate to the 
previous figure, there was return of symptoms. Therefore, they felt complete ablation 
was necessary. 

Also, in regard to the recurrent nerve, if a strip of posterior capsule is left there is 
still likely to be injury, because in a certain percentage of cases the nerve definitely runs 
through the gland. 


Dr. H. L. BrumcGartr (Boston, Mass.) said that subtotal removal of the normal 
thyroid has been performed for the treatment on non-thyrogenous cardiovascular dis- 
ease by Crile, Riesman, Boas and Shapiro, Rose, Dautrebande and others. This previous 
work failed to justify subtotal thyroidectomy as a valid therapeutic measure for the 
relief of non-thyrogenous disabling heart disease. It is well known that subtotal thy- 
roidectomy reduces the abnormally high basal metabolic rate of thyrotoxicosis to normal; 
there is no evidence in the literature, however, that subtotal thyroidectomy can be relied 
on to produce a permanently subnormal basal metabolic rate. Maximal subtotal thy- 
roidectomy in their first two cases produced only temporary clinical improvement and 
transient lowering of the metabolic rate. The lowering of the metabolic rate was only 
temporary, evidently because the minute remnants of normal thyroid underwent suffi- 
cient hypertrophy to sustain a normal metabolic rate. Halsted’s beautiful experimental 
study published in the Journal of Experimental Medicine in 1907 affords strong evidence 
for this explanation. Subsequent unsuccessful attempts were made by Dr. David D. 
Berlin to remove the residual small fragments of tissue in one of the two cases first 
studied in which maximal subtotal thyroidectomy had been performed. Dense adhesions 
were encountered which made identification of the residual thyroid tissue impossible. 
Surgical dissection would have been extremely hazardous because of the likelihood of 
injury to the recurrent laryngeal nerves and the parathyroid glands. Since the clinical 
condition of the patients was unimproved, heavy doses of réntgen radiation were employed. 
This was also without effect. These considerations emphasize the importance of 
removing the entire gland at the time of the first operation, for, while maximal sub- 
total thyroidectomy may occasionally induce hypothyroidism, only complete removal 
of all thyroid tissue can regularly insure a permanently reduced metabolic rate. 

The early relief of chest tenderness and of precordial pain occurs instantaneously 
at the time of operation when the surgeon frees the thyroid gland and ligates the blood- 
vessels supplying it. This early relief is due, they believe, to the interruption of sensory 
nerve pathways from the heart to the central nervous system. These studies have been 
reported by Doctors Weinstein, Davis, Berlin and the speaker in the June issue of the 
American Journal of Medical Sciences. Patients with angina pectoris who had pain 
referred to both sides of the chest were studied. If only one lobe of the thyroid was 
removed the basal metabolic rate was not affected. When attacks of angina were pre- 
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cipitated by effort, pain was experienced only on the side corresponding to that on which 
the thyroid was undisturbed; no pain was experienced on the side corresponding to 
that on which hemithyroidectomy had been performed. This phenomenon of unilateral 
relief after hemithyroidectomy which occurs immediately at the time of operation is 
hardly compatible with the theory of relief due to a decreased sensitivity to epinephrin 
for it is difficult to understand how one side of the body and not the other could be 
rendered hyposensitive to circulating adrenalin. In patients with congestive heart 
failure, areas of hyperesthesia and tenderness frequently exist on both sides of the chest. 
After hemithyroidectomy the areas corresponding to the side of operation disappear. 
This relief is similar in its characteristics and of the same order of magnitude as that 
following stellate ganglion injection. The early relief after total thyroidectomy is only 
temporary in our experience, the symptoms gradually returning after weeks have passed, 
to disappear finally and permanently with the development of the hypothyroid state 
when the remaining lobe of the thyroid is removed. 


Dr. Joseph E. F. Riseman and Dorothy Rourke Gilligan have investigated the 
sensitivity to epinephrin both before and after complete thyroidectomy. After the intra- 
venous infusion of known dilutions of epinephrin at controlled rates of flow, the blood- 
pressure, pulse rate, velocity of blood flow and metabolic rate changes were observed. Be- 
cause of the difficulty in applying results obtained in lower animals under artificial condi- 
tions to clinical medicine, we have studied the sensitivity to adrenalin in our patients 
with angina pectoris or congestive heart failure before and after thyroidectomy. Follow- 
ing adrenalin the changes in blood-pressure, pulse rate, and oxygen consumption rate were 
the same when clinical improvement was manifest after complete thyroidectomy as before 
operation. Only in advanced myxcedema with basal metabolic rates of minus 30 per cent. 
or less was the sensitivity to epinephrin decreased. Since patients are maintained above 
such rates after operation by means of thyroid by mouth, we feel that decreased sensitivity 
to adrenalin plays little or no rdle in the clinical improvement shown by patients with 
angina pectoris or congestive heart failure. In brief, we believe that the early relief of 
pain and precordial tenderness is due to the interruption of sensory nerve impulses from the 
heart, in accordance with Doctor Kerr’s opinion, and that the permanent relief, later in 
the clinical course, is due mainly to the lessened work of the heart attendant to the 
hypothyroid state, the best index of the latter being the basal metabolic rate. 


Dr. Exttrorr C. Curtiter (Boston, Mass.) said that their experience has shown 
repeatedly that if, after total thyroidectomy, the basal metabolic rates are restored to 
normal, patients do not necessarily have return of their pain. Since these patients all 
have “angina decubitus,” there can be little doubt about the pain and its reduction even 
without a shift in the basal metabolic rate. 

The explanation given by Doctor Blumgart for the immediate relief, t.e., division 
of sympathetic nerve fibres in the field of operation, has been studied by them. Their 
studies do not agree with his findings, for not only with this experience but in a large 
experience with actual cervicothoracic sympathectomy for angina no such sensory 
changes were noted. Moreover, the change following total thyroidectomy is qualitative 
as well as quantitative and of a quite different order from that following sympathetic 
interference. 

The matter that interested them was how to translate this relief and not leave it in 
terms of the basal metabolic rate. They have felt that there is scientific evidence today 
which allows us to divorce the basal metabolic rate from the circulatory manifestations 
in Graves’ disease. For example, it is possible to elevate the circulatory manifestations 
with adrenalin at greater rate than thyrotoxine, and by the exhibition of dinitrophenol 
one may elevate the basal metabolic rate without great change in the circulatory 
mechanism. If such a separation of the basal metabolic rate and the circulatory mani- 
festations is proper we can easily see how the basal metabolic rate is not after all a 
good indicator of what is happening to the circulation. 
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THE OPERATIVE TREATMENT OF HYPERPARATHYROIDISM 


By Epwarp D. Cuurcuiti, M.D. 
or Boston, Mass. 


FROM THE MASSACHUSETTS GENERAL HOSPITAL 


A VISIBLE and palpable tumor in the neck stimulated surgical interest in 
disorders of the thyroid gland so long ago that no date can be assigned to 
its origin. In his classical “Operative Story of Goitre” Halsted wrote: 
“For thousands of years, probably, goitre has been a familiar malady. 
This conspicuous tumor of the neck was a perpetual challenge to the 
physician, and to the surgeon a stigma as well.” Years after the perfection 
of the surgical technic of thyroidectomy came the isolation of thyroxin by 
Kendall in 1915. 

Quite in contrast stands the order of the unfolding of knowledge con- 
cerning disorders of the parathyroid glands. Although a background of 
information concerning parathyroid deficiency served to link these glands 
with calcium metabolism, little or nothing was known about a state of 
hyperfunction until the isolation of a physiologically effective extract of 
the gland by Hanson in 1923, and by Collip working independently in 1925. 
Classical studies in morbid anatomy centering largely in the laboratory of 
Erdheim contributed little of clinical significance until the bold surgical 
experiment of Mandl reversed the interpretations that had been based on 
theory. A brief period of confusion then followed, during which surgical 
endeavors were controlled by neither pathological findings nor chemical data. 
In their eagerness to explore a new territory, surgeons became incautious 
and floundered in a field beset with pitfalls and blind alleys. During this 
period, however, the chemical and metabolic laboratories continued their 
efforts and ultimately built a foundation that the surgeon can rely upon 
in undertaking the operative treatment of hyperparathyroidism. 

The pathology of the living controlled by accurate pre-operative and post- 
operative data has again been found more illuminating than the findings of 
the deadhouse. As surgical specimens have been placed under the microscope 
of the pathologist, new data are emerging that are already providing a 
better rounded concept of the disease. 

Only in the light of very recent pathological studies may a classification 
of diseases of the parathyroids be formulated so that a hitherto nebulous 
subject begins to assume an orderly and familiar form. The following 
grouping is suggested as a working basis, subject of course to extension 
and modification in the future: 

(1) Generalized enlargement of the parathyroid glands due to functional 
hyperplasia but not associated with hyperparathyroidism. (Rickets, osteoma- 
lacia, pregnancy, nephritis. ) 
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(11) Generalized enlargement and hyperplasia of the parathyroid glands 
associated with hyperparathyroidism. 

(III) Focal hyperplasia (adenoma) of one or more parathyroid glands 
associated with hyperparathyroidism. 

(IV) Carcinoma. 

In studying this classification the analogy to disorders of the thyroid 
gland is at once apparent. This analogy is drawn with full realization that 
Plummer’s division of toxic goitres into two types has been seriously ques- 
tioned, not only in regard to his interpretations of pathogenesis but from 
the standpoint of their clinical differentiation. The pathogenesis of para- 
thyroid disorders seems even more obscure at the moment and any con- 
jectures in regard to it would simply open a field of controversy. From 
the standpoint of present-day operative treatment, however, the differentia- 
tion of the two types of parathyroid disease associated with hyperpara- 
thyroidism is of real clinical importance. 

The classification warms the heart of the surgeon because it is based 
on tangible and unmistakable enlargement of the glands rather than abstract 
chemical values. In actual practice, however, these small glands, situated 
deep in the neck, can rarely be palpated even when enlarged to many times 
their normal size. The diagnosis must be reached indirectly from pertinent 
clinical data supported by exacting chemical determinations. 

The term adenoma is used with some misgivings as pathologists differ 
in its definition. Our usage implies only a focal collection of actively func- 
tioning gland cells that does not conform grossly or microscopically to the 
architecture of the normal gland. 

In the proposed division of disease types, Group I is without surgical 
interest, and, in point of fact, its very existence in the human lacks the 
support of conclusive data. The surgical aspects of Group III, the solitary 
adenoma, have been discussed at length in a previous paper.’ Attention 
will be focussed therefore on the surgical problems associated with Group II, 
generalized hyperplasia of the parathyroid bodies associated with hyperpara- 
thyroidism. 

As detailed abstracts of the case histories and laboratory data will be 
published elsewhere,” only the salient features will be presented with par- 
ticular emphasis upon the phases that are of paramount importance to the 
surgeon. 

Twenty-one cases of proven hyperparathyroidism have been subjected 
to operation at the Massachusetts General Hospital. In this series of cases 
three may be placed in Group II and the remaining eighteen in Group III.* 


* Evidence that solitary or multiple adenomas were present in these eighteen cases 
could be conside:ed conclusive only if all other normal parathyroid bodies were demon- 
strated in addition to the tumor or tumors in each instance. This, unfortunately, is a 
surgical feat that can be done but rarely. However, there were several instances in which 
normal parathyroids had been removed previously, and many cases in which at least one 
other parathyroid of normal size and shape was disclosed at operation. Of greater 
significance is the fact that in every instance an unmistakable change in calcium and 
phosphorus metabolism followed the resection of the tumor. 
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Evidence for this proposed classification rests upon the operative findings, 
the response of the disturbed calcium and phosphorus metabolism to opera- 
tion, and finally upon the unique histological picture of the glands. In so 
far as can be ascertained, no clinical findings were present that serve to 
differentiate these three patients from the larger group having parathyroid 
adenomas. All were well-marked cases of hyperparathyroidism with a 
persistently elevated serum calcium and a low serum phosphorus. All three 
happened to be in the renal stone group, if classified according to the clinical 
manifestations of their disease. No significance can be attached to this 
fact at the present time, because several other cases with renal stone as the 
presenting manifestation of the disease have shown solitary tumors. 


Operative Findings.—In the first patient, two symmetrically placed, grossly enlarged 
parathyroids (1.5 by 1.2 by 0.5 centimetres and 1.8 by 08 by 0.6 centimetres) 
were found at the lower poles of the thyroid gland. These were removed without 
further exploration of the neck. The post-operative course was followed with some 
anxiety, expecting well-marked or severe tetany, but, much to our surprise, there was 
no significant change in the blood calcium or phosphorus levels. At a second operation 
a parathyroid body very much larger (5 by 3 by 1.3 centimetres) than either of 
the first two was found. It lay in the region of the right inferior thyroid artery extend- 
ing behind the cesophagus into the posterior mediastinum. No fourth gland could be 
found. A subtotal resection of the third gland was performed, leaving a modicum of 
tissue about twice the size of the usual normal parathyroid. Subsequent blood determina- 
tions have shown an adjustment of calcium and phosphorus values to within normal 
limits. 

In the second patient, four grossly enlarged parathyroid glands were found at the 
four poles of the thyroid on the posterolateral aspects of that gland. The left recurrent 
laryngeal nerve lay deeply embedded in a sulcus of the left inferior parathyroid so that it 
seemed actually to penetrate the substance of the gland. Three of these glands were 
totally removed and a bit of tissue taken from the fourth for microscopical examination. 
The three resected glands measured 2 by 2 by I centimetres, 1 by 0.8 by 0.4 centi- 
metres, and 1.8 by 1.2 by 0.4 centimetres respectively. The fourth gland was approxi- 
mately the same size. The patient showed no tetany but the blood calcium and 
phosphorus returned to normal levels. 

In the third patient a definitely enlarged parathyroid body (1.5 by 1.0 by 06 
centimetres) was found just beneath the right sternoclavicular joint at the lower pole 
of the thyroid gland. Directly beneath this lay a much larger parathyroid (4.5 by 3.5 
by 2.5 centimetres) on the surface of the prevertebral fascia just lateral to the ceso- 
phagus.* Both were removed. No sign of tetany developed, but a pre-operative calcium 
level of 15 to 16 dropped to a range of 10 to I1 milligrams per 100 cubic centimetres. 


From the operative findings alone it would be difficult to infer that these 
cases represented anything other than multiple adenomas of the parathyroid 
bodies, differing from the common variety only because more than one gland 


* Our experience agrees with that of Walton® that enlarged superior parathyroids 
tend to descend into the posterior mediastinum on the surface of the prevertebral fascia. 
They are usually held up, however, by their attachment to the inferior thyroid artery, and 
their upper end discovered in this region. These retro-cesophageal tumors are frequently 
pear-shaped with the large bulbous portion directed downward. Enlarged inferior para- 
thyroids, on the other hand, descend toward or into the anterior mediastinum. 
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was involved in the pathological process. Instances of multiple tumors of 
the parathyroids have been reported occasionally in the literature. The 
gross appearance of the glands in the second case, however, suggested a 
different disease process, largely because they were symmetrically enlarged, 
and retained the flattened shape that characterizes a normal parathyroid 
body rather than assuming the plump and rounded appearance of the usual 
solitary tumor. 

Histological Characteristics—The microscopical study revealed certain 
very unique features that differentiate the glands of these three cases from 
the eighteen other specimens available for comparison. The histological 
aspects are being described in detail by Dr. Benjamin Castleman. Briefly, 
the parathyroid tissue from the three cases noted above was formed almost 
entirely by large “wasserhelle” cells resembling quite closely the cells that 
characterize a hypernephroma. In contrast, in the tumors termed adenomas, 
a single section may show chief cells usually somewhat larger than those of 
a normal gland and at times multinucleated; oxiphil cells as in the normal 
gland; and at times “wasserhelle” cells arranged in aveolar-like groups. The 
glands termed hyperplastic also show a greater vascular supply and an 
absence of fat cells. The histological picture of the two types is so striking 
that a frozen section prepared on the operating floor may indicate to the 
surgeon that a more extended search should be made for other hyperplastic 
glands. 

If we are correct in our views, the disclosure of one normal parathyroid 
should exclude the presence of generalized hyperplasia; similarly, the finding 
of an enlarged gland with the histology of an adenoma should do likewise, 
although from time to time adenomas will be encountered as tumors of two or 
more glands.* On the other hand, the finding of an enlarged gland pre- 
senting the histological picture of hyperplasia makes an extended search 
for other hyperplastic glands essential if the patient is to be adequately 
treated. 

Subtotal Parathyroidectomy.—tThe principle of subtotal resection as ap- 
plied to certain solitary adenomas of the parathyroids was mentioned briefly 
in an earlier communication.’ It is recommended when normal parathyroid 
glands have been removed previously or when a preceding operation in other 
hands may have damaged their integrity. For this reason we have repeatedly 
warned against the removal of normal parathyroids or interference with 
their vascular supply when a diagnosis of hyperparathyroidism has been 
established. It is also advisable to do a subtotal resection of a large single 
adenoma in patients who give evidence of a depleted calcium and phosphorus 
reserve evidenced by general skeletal decalcification. This is true particularly 
if the phosphatase be unduly high. Such an individual may be pictured as 


*In only one of eighteen cases of adenomas were two tumors disclosed at operation. 
In a case operated upon after this paper was written three parathyroid bodies were found 
grossly enlarged and the fourth normal in size. The microscopical pathology in this case 
showed hyperplasia of all four glands. 
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having “hungry” bones and in the post-operative period it may be difficult 
to supply enough calcium and phosphorus to meet the demand of the bones 
and at the same time avoid severe or life-endangering tetany. 

The concept of subtotal resection as applied to the thyroid must be used 
to meet the problem presented by the case of generalized hyperplasia of the 
parathyroids. The goal of subtotal resection is to correct the state of hyper- 
parathyroidism by reducing the total amount of functioning tissue to an 
amount consistent with a normal calcium and phosphorus metabolism. In 
contrast to the thyroid, one is dealing in decigrams rather than grams of 
tissue. Also the fact must be remembered that the control of myxcedema, 
resulting from an overcorrection of hyperthyroidism, is a far simpler problem 
than the treatment of tetania parathyreoprzevia. 

In the second case cited above, presumably the total amount of para- 
thyroid tissue was under observation, as four hyperplastic glands were 
exposed. The resection of three-fourths of this tissue has given a satisfac- 
tory result to date. In the other two cases the problem was made more 
complex by the fact that the enlargement of the exposed glands was far 
from symmetrical, and that in neither case were all four parathyroid bodies 
exposed. The fact that the clinical results were satisfactory can only mean 
that a rough approximation of a three-quarters resection may be adequate. 
In any event, it is well to err on the safe side rather than to run undue risks 
of incurring tetany. Residual tissue with its blood supply intact is placed 
in a position where it may readily be found if a secondary operation proves 
necessary. Needless to say, residual tissue should be placed at a distance 
from the recurrent laryngeal nerves. 

SumMAry.—A classification of diseases of the parathyroid glands is pro- 
posed that differentiates generalized hyperplasia from single (or multiple) 


adenomas. 
The recognition of the type of disease determines the extent and type 


of the operative treatment. 

The principle of subtotal resection in the operative treatment of hyper- 
parathyroidism finds application in both types of the disease, but particularly 
in generalized hyperplasia associated with hyperparathyroidism. 
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Discussion.—Dr. Datias B. PHEMIsTER (Chicago, Ill.)—My remarks will be 
limited to the skeletal changes produced by tumors of the parathyroid glands. Hyper- 
parathyroidism results in removal of the calcium salts and organic framework of the bone 
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by lacunar absorption. This is accomplished by giant cells, macrophages, and fibroblasts. 
These cells replace the destroyed bone and the fibroblasts mature into connective tissue. 
The absorption is more or less generalized, producing osteoporosis, but there may be 
regions of excessive absorption creating defects in the bone that are filled with connec- 
tive tissue and giant cells similar to a benign giant-cell tumor. In other regions connec- 
tive tissue may fill out the defect producing the picture of fibrous osteitis with or with- 
out cyst formation. 

Lantern slides of one case are shown in which there was marked generalized osteo- 
porosis with curvature of the long bones of the lower extremities but with the absence of 
regional defects in the bones except in the skull, where numerous spotted areas of loss 
of substance were present in the vault. The fibrous tissue replacement of the lime salts 
in this disease makes the bone more flexible than is the case with simple osteoporosis 
from disuse atrophy. 

Lantern slides of a second case are shown of extreme Von Recklinghausen’s disease 
of the bone in a sixty-year-old man who presented marked curvatures, multiple bone 
tumors and marked generalized osteoporosis. Examination of the bones at autopsy 
showed the tumors of the tibia, femur and sternum to present the picture of fibrous 
osteitis with a few small cysts and marked pigmentation throughout the fibrous tissue 
which also had undergone extensive ossification. The pigment was the result of old 
hemorrhage. It has been a fairly consistent finding in the bones in advanced cases of 


hyperparathyroidism with tumor formation. 


Dr. KELLOGG SPEED (Chicago, Ill.).—A question arises in connection with those 
tumors of the parathyroid glands which lead to hypercalcemia and withdrawal of calcium 
from bone, its normal storage habitat, why some bones lose their calcium more readily 
than others. In most diseases thus affecting bones, that part of the skeleton which can 
best afford a weakening sustains loss of calcium first. This is not so in Sudeck’s acute 
atrophy, however, after trauma. The spine, femur, phalanges and other bones which 
must withstand stresses and bear weight tend to lose calcium late in diseases which 
withdraw this element. In osteitis fibrosa cystica, dependent on hyperparathyroidism, 
any bone of the extremities may be affected early. In the films taken of this patient we 
see that the metacarpal of the thumb has suffered severely, the phalanges of other fingers 
less so, and that the jaw and pelvis showed large spots of cystic disease. The cystic 
tumor of the thumb was removed in toto by operation, its place was taken by a transplant 
of bone from the patient’s tibia, which was equal in size to the normal metacarpal bone 
and which has remained in situ for eight years, gradually assuming a functional shape 
and very slowly a normal density compared to surrounding bones. 

From a consideration of this operation which perhaps may be looked upon as an 
experiment on a human, certain questions arise in my mind. If the action of extraction 
of calcium by the blood-stream in hyperparathyroidism is constant, why did it take so 
long for the transplant to lose its original density as of the day of operation? If the loss 
of calcium is purely the result of a chemical or hormone action by the blood serum one 
might expect to see the transplant fade away. The transplant’s tenacity of density may 
have been governed in part by the length of time required for its revascularization or revi- 
talization by substitution. If the extraction of calcium is done solely by the blood serum it 
seems inconsistent to observe clinically that many areas of fibrous cystic diseases in the 
bone are obliterated and cured by opening into them surgically, curetting or crushing the 
cortical wall down into the cyst or even transplanting bone into the cyst. Such a surgical 
opening affords an opportunity for revascularization by numerous new blood-vessels form- 
ing and blood penetrating into the diseased area, thus permitting a greater action by its 
absorbing elements. Although small areas involving the lesser bones are cured by 
these means if the hyperparathyroidism continues it later attacks the spine and other 
important parts of the skeleton, leading to marked postural changes and permanent de- 
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fects such as loss of body height from collapsed shrunken vertebral bodies or from 
bowed legs. 

There must therefore be some other factor present in the disease which has a bearing 
on the localization of the bone changes and the rehabilitation of the bone after surgical 
attack upon it. Whether the original site of the lesion follows stress of muscular use 
and weight bearing or is related to habitual trauma has not been shown physiologically. 
We do know that finally there appears a generalized loss of calcium in all the skeleton 
shown by rontgenological study demonstrating decreased density. 


Dr. Epwarp D. Cuurcuitt (Boston, Mass.).—The “museum pieces” of von Reck- 
linghausen’s disease, such as Doctor Phemister showed us, have pretty weil disappeared 
in our community. They are rare anyway, and as soon as the relationship to parathy- 
roid disease was made known, they were referred for operation. It is now apparent that 
if a surgeon interested in hyperparathyroidism wishes to obtain clinical material the 
interest and enthusiasm of the urologists must be stimulated. It is the urinary calculus 
group of cases that will provide a steady flow of individuals with parathyroid disease. 

Renal stones in hyperparathyroidism are not necessarily bilateral or recurrent. Local 
causes sufficient in themselves to account for calculus formation may be present. We be- 
lieve that every case of calculus in the urinary tract should be studied for evidence of 
hyperparathyroidism. 

The recognition of the two types of hyperparathyroidism calls for the presence of a 
pathologist at the operation to study the tissue by frozen section. If an enlarged para- 
thyroid is removed showing the water-clear cells predominating, it means that an ex- 
tended operation must be carried out to expose the entire parathyroid apparatus. Sub- 
total resection of the tissue as a whole should then be done. A solitary adenoma should 
be removed in its entirety, except in the cases with marked decalcification of the bones, 
particularly if the phosphatase be high. Under these circumstances it is good judgment 
to do a subtotal operation. 
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TRANSPLANTATION OF LIVING GRAFTS OF THYROID AND 
PARATHYROID GLANDS 
By Harvey B. Strong, M.D., James C. Owrnas, M.D., 
GEORGE O. Grey, M.D. 


or Battimore, Mp. 


IN Two previous communications’ * we have made preliminary reports 
on our efforts to transplant living thyroid and parathyroid tissue from one 
animal to another, and have expressed rather restrained opinions as to the 
possible success of these efforts. We wish now to report further progress, to 
describe in detail our technic, to record the beginning of a number of human 
experiments, and to prove that, at least in dogs, it is possible to have homo- 
grafts of thyroid tissue live for long periods of time. 

Our first attempts to graft thyroid and parathyroid tissue from one dog 
to another were almost uniformly unsuccessful; in fact, a great many different 
types of experiments extending well over a year were carried out before 
the first encouraging result was obtained. During this time grafts were placed 
in a great variety of beds—cavities in bone and cartilage ; in the liver ; spleen; 
adrenals ; under muscle sheaths ; in properitoneal fat; etc. As a result of this 
experience, we formulated certain requirements as desirable in the site in 
which the graft is to be placed. These may be stated as follows. There 
should be a closely adjacent vascular supply, from which new vessels may 
develop to support the growing graft, but the tissue itself should not contain 
a rich capillary network, as does the liver and spleen, because in such a bed 
the development of hzmatoma is too apt to choke the graft. The tissue 
selected should be loose in texture, free from a dense capsule such as paren- 
chymatous organs have, or a firm sheath as is the case with voluntary muscles. 
These conditions result in pressure on the graft that inhibits its growth. The 
site selected should be easy of access without difficult or hazardous operative 
exposure for the implantation, and should, of course, not involve damage 
to any necessary or important organ. All of these conditions are met by the 
loose areolar tissues of the axilla and groin, and it is in these localities that 
practically all of our successful grafts have been made, both in dogs and 
humans. 

Another conclusion reached concerns the physical form of the graft itself. 
From our own work and consideration of that of others, we believe that many 
previous attempts at cross-grafts of endocrine glands failed because the 
grafts were too large. It is obvious that until an organized blood supply can 
grow into the graft, it must live, if at all, by processes of osmosis and diffusion. 
Such processes are effective only on cells in intimate contact with the body 
fluids of the host, hence only a few peripheral layers of cells on the graft. 
The rest of the more central portions of the graft necrose, and this entails 
great danger to the whole graft. For this reason we employ tiny fragments 


613 


f 
“a- | 
x- 
Id 
nt 


STONE, OWINGS AND GEY 


of glandular tissue, a millimetre or so in diameter, or better still a growing 
culture of gland tissue in which the cells are spread out in thin sheets ideally 
suited to intimate contact with the host fluids. 

This leads to consideration of another factor in the problem—the adjust- 
ment of the graft to the chemistry of its new environment in the host animal. 
It is a matter of clinical experience that grafts of skin from one person to 
another often look as though they would “take’’ for a week or ten days, and 
then begin to disintegrate, and finally in two to three weeks entirely disappear. 
We had many similar experiences in our earlier experiments with thyroid 
and parathyroid tissue. The general explanation of this is that there is a 
chemical disharmony between the graft and its environment that leads to its 
death. These facts led us to two conclusions; first that no graft could be con- 
sidered at all successful until it had survived at least four weeks, second that 
an effort should be made to secure an adaptation of the graft to the body 
fluids of the host before it was actually implanted. To attain this objective 
we developed the following method. It is known that mammalian tissues of 
various kinds may be grown artificially in vitro by the methods of tissue cul- 
ture. In such cultures a medium is used that must contain nutrient substances, 
and these are usually provided by using serum and plasma, but experience has 
shown that it is not necessary to use the serum and plasma of the animal from 
which the tissue to be grown has been obtained. Indeed, in many instances, 
it is not even necessary that these fluids be from an animal of the same species. 
Consideration of these facts suggested that it might be possible to adapt the 
graft to its host by first growing it as a tissue culture in a medium containing 
the body fluids of the future host. This we have done in all of the cases in 
which we have secured successful grafts. Whether such preliminary adapta- 
tion is absolutely necessary, we are not prepared to say, but we believe that 
it adds greatly to the chances of successful grafting. 

There may be other factors essential to cross-grafting besides the choice 
of site, the size of graft, and the chemical suitability of graft to host. Halsted,* 
in his extensive investigation of the subject, suggested that grafts would not 
grow unless the host animal needed physiologically the kind of tissue in the 
grait—a suggestion which has been referred to as the “law of deficiency.” 
We cannot say definitely from our work whether this “law” really is of general 
application, and one of our purposes is to test it in the future, but as a matter 
of fact we have created a deficiency in all of our animals that received grafts, 
both those that succeeded and those that failed, and in each of our human 
cases there was, of course, presumed to be a deficiency, to correct which was 
the purpose of the grafting operation. It is quite possible that there are still 
other factors influencing the success of grafts of which we as yet know 
nothing whatever. 

We now proceed to describe in detail the technic of cross-grafting as em- 
ployed in our successful experiments. Under aseptic conditions a portion of 
gland—say thyroid—is removed from animal A. With the same rigidly asep- 
tic precautions, which are maintained throughout the several weeks and 
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all the stages of the experiment, this portion of thyroid is cut up with special 
knives into fragments of about one to two millimetres in diameter. These 
fragments are then implanted in a culture medium to be described, contained 
in a hollow ground slide or small flask, and the culture is placed in a thermo- 
stat at body temperature. The culture, as it grows, tends to liquefy the medium 
and when this occurs it must be transferred to fresh medium. The rate of 
liquefaction varies with the different cultures. Some parathyroid tissue has 
required almost daily transfer, while some of the thyroid tissue will not need 
transfer oftener than the third or fourth day. After being kept in culture 
in this way for a period which we have varied in different experiments from 
two weeks to a month, the culture is ready for implantation as a graft into 


Fic. 1.—Microphotograph of thvroid «land Fic. 2.—The same under hich power. 
transp.ant in the groin of [homo-graft] dog forty- 
four days after grafting. 


dog B. A small incision under local anesthesia is made through the skin of 
the axilla or the groin of dog B. A hemostat is pushed bluntly into the fat 
and areolar tissue near the large vessels, and spread, so as to make a pocket 
for receiving the graft. The various small cultures that are to be implanted 
are picked up in a pipette, suspended in salt solution, and then squirted gently 
into the pocket prepared for them at least two centimetres from the in- 
cision. They stick to the walls of the pocket almost immediately, and a stitch 
or two closes the small skin incision. This completes the operation. 

The tissue culture technic which we have used, while somewhat modified 
from time to time, is essentially as follows. The tissue to be cultivated is 
carefully cut up with two very sharp knives used as a scissors into fragments 
about 1.5 to 2.0 millimetres in diameter and also trimmed free of excess 
connective tissue. This is done best in a Petri dish and with a balanced salt 
solution bathing the tiny fragments so as to partially immerse them. Should 
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considerable time be required to transport the tissue before it is cut up for 
cultures, it would be desirable to put fairly small pieces of it in human serum 
and keep them cool until used. Where direct access to the operation is had, 
the fresh tissue is best when transferred in its original moist state, or with a 
little blood around it, in an air-tight bottle. It should not be transported 
wrapped up in gauze. The small fragments when prepared for culture should 
be implanted immediately as prolonged washing in a saline solution will injure 
them. The medium in which the fragments are implanted is composed of : 
(a) eight parts (or gtts.) balanced salt solution (an equivalent of the inor- 
ganic ion concentration of serum, similar to Tyrode, and containing in Gm. per 
liter—Nacl. 8.0; Kel 0.372; NaHCOs 0.5; CaClo (anhydrous) 0.203; MgCle 
6H2O—0.209; NagHPO,y & 2H2eO—0.143 and KH2PO4—0.052 each dis- 
solved in the order given. To this is also added 1.0 Gm. of d-glucose) ; (>) 
one part (or gtt.) of beef embryo extract (50 per cent. bal. sal. sol. and 50 
per cent. fresh emulsion of embryo—other embryos also suitable; (c) three 
parts (or gtts.) of recipient’s serum (not over one week old), and eight 
parts (or gtts.) of fresh recipient’s plasma (plasma obtained from chilled 
heparinized blood, 1-50,000, and kept only in paraffined tubes and withdrawn 
into an oiled syringe). The above formula designated “8138” thus makes 
up to a total of 20 parts. We have varied certain of the ingredients from 
time to time but have noticed no marked improvement over the one given. 
Many methods of plating out cultures can be used—therefore but one 
method is given. The fragments selected for culture are put into short, 
wide-mouth test tubes with the fluid portions a, b, and c well mixed, cooled, 
and to this is added eight parts of (d) (plasma) and the culture prepared 
immediately by making a spread of the medium and tissue about 27-28 
millimetres diameter on large cover slips with a modified curved tip Pasteur 
pipette. For flask cultures the plasma is placed in a clean flask, spread out 
uniformly by shaking and then the fluid mixture a, b and c with tissue frag- 
ments added is put in, thoroughly mixed and allowed to clot. 


Norte.—The total amount of medium in any type of preparation should be just enough 
to bury the lower half of the tissue fragment. Preparations made with fragments com- 
pletely immersed never do as well. 


Following primary explantation, the tissue may be found to have become 
detached from the clotted medium due to its liquefaction. This may occur 
in a few hours or sometimes after several days, and requires prompt transfer 
to fresh medium. In any case, the tissue should be transferred every four 
or five days, whether liquefaction has occurred or not. 

Flask preparations have added to them a supernatant fluid made up 
either of the fluid portions a, b, and c, or the expressed fluid from a clot 
of a, b, c, and d of the entire medium. This supernatant layer is changed 
every four or five days and should never form a layer more than 0.5 to 
1.0 millimetres thick. 

In transferring slide preparations, observations are first made on the 
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extent of outgrowth of each fragment; the entire fragment is then cut out 
leaving a fair margin of the outgrowth behind and never removing a frag- 
ment with included clot. Knives suitable for this purpose are the von Graefe, 
or a modified Bard-Parker No. 11 which is resharpened so as to have a 
cutting edge similar to a cataract knife. The latter are very inexpensive. 
The results of our experiments, using the technic above described, which 
has been evolved gradually and with modifications from time to time, have 
been by no means uniformly successful. No method of grafting can ever 
be expected to yield perfect takes in 100 per cent. of cases. Even in 
small pinch grafts of skin in the same individual this is true. But the 
proportion of takes to failures in our experiments has been steadily increas- 


Fic. 4.—Same' under high power. 


Fic. 3.—Section of homo-transplant fifty-seven 
days after grafting. 


ing. In our first year and a half we had one success out of perhaps a 
hundred or more attempts. In a series of eleven dogs during the past 
winter five showed definite, unquestionable, long-standing takes. We present 
herewith microphotographs of sections of these grafts with legends describ- 
ing the period of time elapsing between the implanting of the graft and the 
removal of the tissue shown in the section. (Figs. 1 to 6.) We have a 
series of such sections showing different grafts varying in age from four 
weeks to nearly half a year. Careful study of these grafts shows little 
sign of inflammatory reaction about them, the ingrowth of blood-vessels 
from the host, well-defined, clear-staining cells for the most part, and 
evidences of mitosis. These are all evidence that the grafts are living, 
healthy and growing. The increase in the mass of tissue is also obvious. 
On the basis of these facts we feel warranted in stating definitely that by 
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this method it is possible to transplant living grafts of thyroid tissue from 
one dog to another, with success in a considerable per cent. of cases. 

We have employed this method of grafting in ten human cases, five 
thyroid and five parathyroid. Only two of these cases have been done long 
enough to reach any conclusion as to the success of the graft. The whole 
series in brief outline is as follows: 


Case I.—Miss M. A., white, female, aged about twenty-four. First visit February 
17, 1933. C. C—Tetany for eighteen months. /’. H. & P. H,—Unimportant for present 
study. P. /.—The first patient was a young woman who had been operated on eighteen 
months previously for goitre and had since that time suffered with chronic tetany showing 
every characteristic of that disease. At each menstrual period she would go into profound 
convulsions and lose consciousness for intervals as long as one to two hours and she con- 


Fic. 5.—Homo-transplant 148 days after grafting. Fic. 6.—Same under high power. 


stantly showed Trousseau and Chvostek phenomena which were easily induced. Her 
blood calcium was extremely low, running from 4.9 to 6.6 milligrams of calcium per 100 
cubic centimetres of blood. February 17, 1933, she received a human parathyroid graft of 
eleven fragments in the axilla and following this was very greatly improved. July 6, 1933. 
she received a second similar graft, both of these being tissue culture grafts grown in 
her own serum. Since the second graft she has had no convulsions at any time, her 
Chvostek and Trousseau signs have disappeared, her blood calcium has risen as high as 
9.8, she feels entirely well clinically and is contemplating marriage. 

Result.—This patient was delivered of a 7% pound girl on May 21, 1934. Since then 
she has shown no sign of tetany, her blood calcium since delivery has ranged from 8.1 to 
10.2 and phosphorus from 3.7 to 3.9. We consider her cured. 

CasrE II.—Mrs. F. A., white, female, Jewess, aged thirty-three. First visit February 
13, 1933. C. C—Marked fluctuation in weight (as much as fifteen to twenty pounds 
in twenty-four hours) associated with severe muscle cramps in the hands and feet. 
The condition has been present for thirteen months. /°. H. & P. H.—Non-contributory. 
P. I—Thirteen months previous to the present date the patient took a fairly heavy dose 
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of ergot and cathartics because she had missed a period and thought she was pregnant. 
Her bowels did not move and neither did the menses appear, so later the same day she 
went to her family physician who gave her calomel and citrate of magnesia. On the 
next day she had pronounced swelling of the whole body which was particularly notice- 
able about the face and arms. She went to see a gynecologist who gave her some sort 
of injection and following this the swelling disappeared and menstrual bleeding started. 
She continued to be constipated, however, and for eight days high colonic irrigations 
were taken and she was kept on a diet composed principally of dextro maltose. At the 
end of this eight-day period she had a return of the swelling, gained fifteen pounds in 
twenty-four hours. She was very thirsty, her basal metabolic rate was —20. 

Muscle cramps with a short period of unconsciousness during which she was inconti- 
nent and after which she had double vision, first occurred one month after the onset of her 
illness. May 1, 1932, five months after the onset, she went to Atlantic City for a vacation 
and as soon as she got into the salt water she commenced to swell again, but gradually 
this time. She went from 94 pounds on May 1 to 126 on May 10. She took thyroid 
tablets and pituitrin but was not improved. For some time following this attack her 
weight varied from 108 to 135, changing to this degree sometimes in as little as forty- 
eight hours. She lost a lot of her hair and her skin became rough and dry during this 
period. She had spells when the skin showed large red or bluish blotches and severe 
itching occurred. These spells could be terminated by calcium gluconate. She had her 
first severe attack of tetany December 20, 1932, at which time she was partly unconscious 
with severe pains for three hours and was extremely uncomfortable for five hours alto- 
gether. The blood calcium was found to be quite low and the phosphorus high at this 
time. She was finally relieved by calcium gluconate and parathormone. After this 
severe attack she continued to have fairly typical attacks of tetany every few days unless 
she took calcium and parathormone. 

P. E.—The patient was admitted to the Church Home Hospital just one hour after 
having been treated for an attack of tetany. She showed a positive Chvostek and Trous- 
seau. The reflexes were hyperactive, she had no muscle spasms at this time, respirations 
were not increased and temperature was normal. The physical examination in general 
revealed a perfectly healthy and normal woman. The blood chemistry at this time 
showed a calcium of 7.2 and phosphorus of 4.1. During several of her previous attacks 
it was reported to us that her calcium went even lower than this. Following treatment 
the calcium returned to 11.7 and the phosphorus was 4.4 forty-eight hours after the 
attack. This was apparently about her normal level as several subsequent chemical 
determinations showed practically no change. 

Diagnosis.—Hypoparathyroidism, spontaneous in origin. 

Discussion—We did not consider this a particularly satisfactory case for our pur- 
poses since we did not know the origin of the condition, and therefore could not predict 
the outcome. One wonders if there might not be some connection between the ergot, 
calomel, etc., and the attacks of tetany. 

First Operation, July 17, 1933, Doctor Owings. Under local anesthesia a small 
incision was made along the anterior border of the left axilla and developed by blunt 
dissection into the areolar tissue about the axillary vessels. Ten fragments of para- 
thyroid tissue were implanted into this cavity. This tissue was canine in origin. 

Second Operation, July 31, 1933, Doctor Owings. Exactly the same procedure was 
carried out as previously done on the left, the right side being used in this case. Twelve 
fragments of parathyroid tissue, obtained from two infants who died from birth injuries, 
were transplanted into the cavity. 

Result-—The patient showed very little improvement for several months but after 
this improvement was rapid and she has now gone ten months without any recurrence 
of symptoms whatsoever. Her calcium at present is 11.3 with phosphorus of 3.3. She 
feels perfectly well and we consider her cured. 

Case III.—Miss S. G., white, female, Jewess, aged twenty. First visit February 
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26, 1934. C. C.—Spasms of hands and feet, fainting spells. FF. H. & P. H.—Non-con- 
tributory. 

P. 1—The patient has had at irregular intervals for the past five years attacks which 
last fifteen to twenty minutes and that are characterized by spasms of the hands and feet, 
dyspnoea, unconsciousness, etc. The patient knows a few seconds ahead of time that 
she is going to have a spell but is not able to do anything about it. She usually falls 
wherever she happens to be and at times has bitten her tongue. At no time has she been 
incontinent. The spells are sometimes followed by a short period of amnesia. As a rule 
they come on about the time of her menstrual periods and never occur before the onset 
of her menses. It was thought that she had epilepsy for some time but when a blood 
chemistry was done it was found that during the attacks the calcium was low and the 
phosphorus high. This finding has been carefully checked many times and under treat- 
ment with calcium gluconate and parathormone it has been possible to completely prevent 
the attacks. It is necessary for her to take one dose of parathormone two days preceding 
the period, once every day during the period, and for two days after it in conjunction 
with calcium gluconate by mouth. 

P. E.—The physical examination is at this time entirely negative since it is just two 
days beyond her period and she has just put herself through a course of treatment. Blood 
chemistry shows the calcium to be 8.8 and the phosphorus 6.9 at present. 

Diagnosis——Parathyroid deficiency, spontaneous in origin. 

Discussion—We do not consider this a very satisfactory case for our purposes as we 
do not know the source of the parathyroid deficiency, and cannot be sure that it is not 
associated with some condition similar to epilepsy. 

Operation—March 13, 1934, Doctor Owings. Under local anesthesia a small incision 
was made along the anterior border of the right axilla and the pocket dissected deep into 
the areolar tissue along the axillary vessels into which five fragments of parathyroid 
tissue, grown in tissue culture for two weeks, were deposited. The wound was closed 
with silk. This tissue was obtained from two monkeys, belonging to the Carnegie Insti- 
tute, whose blood groups were IV and I while the patient’s blood was group IV. 

Post-operative Course—tThe patient has been unimproved so far (May 10, 1934). 
She has now returned to Baltimore for a graft of human parathyroid tissue. Her blood 
chemistry now is as follows: calcium 7.58, phosphorus 5.6. 

Case 1V.—Dr. T. B., white, female, aged thirty-four. First visit March 28, 1934. 
C. C.—Tetany since August 6, 1933. F. H. & P. H—Unimportant in so far as they 
affect the present condition. P. /.—The patient first showed signs of hyperthyroidism 
in 1926. At this time it was noted that she had an enlarged thyroid with palpitation, 
sweating, nervousness, rapid pulse, dyspnoea, etc. She was operated upon and a bilateral 
subtotal lobectomy was done. In the following year the same condition recurred, all 
the symptoms being more pronounced, particularly the cardiac ones, so she was operated 
upon the second time. During this operation the left recurrent nerve was accidentally 
cut. During 1928 symptoms recurred again so she took several X-ray exposures in 
order to try to control the condition. She was better for four years, when during 1932 
she again showed signs of hyperthyroidism. She was treated medically until August, 
1933, when the condition became so aggravated that she was operated upon for the third 

time. Twenty-four hours after this operation she noticed numbness and_ paresthesia 
of the extremities. This continued during her stay in the hospital but she did not have 
any actual tetany. After she went home numbness and paresthesia became more pro- 
nounced so she was started on calcium therapy. This relieved her to some extent 
symptomatically, but her blood calcium which had been 9 on discharge from the hospital 
continued to fall so that during the first part of October active convulsions occurred 
in spite of the fact she was taking calcium gluconate by mouth. Following this she was 
put on parathormone besides the calcium by mouth and this therapy has prevented any 
further convulsions. She had a direct parathyroid transplant done by Dr. E. A. Graham, 
of St. Louis, in January, 1933, with transient improvement only. Since the onset of the 
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convulsions in October, 1933, her blood calcium has ranged from 5 to 7 and it has been 
necessary for her to take calcium daily and parathormone frequently. 

P. E—The only evidence of hyperthyroidism which persists is exophthalmos and 
slight enlargement of the heart. However, she has an actively positive Chvostek, and a 
Trousseau sign which comes on promptly and is quite pronounced. The reflexes are 
hyperactive but otherwise the physical examination is essentially negative. Blood chem- 
istry on March 20, 1934, showed the calcium to be 5.5 and phosphorus 4.6. On April 12, 
1934, calcium was 6.72 and phosphorus 5.2. (These figures were obtained in spite of 
the fact that the patient was taking calcium daily and parathormone whenever she felt a 
tendency towards spasm of the muscles.) 

Diagnosis—Hypoparathyroidism, severe, post-operative. 

Discussion.—This should be an ideal case for our purposes as the tetany is severe 
and persistent and is uncomplicated by any unknown factors. 

Operation.—April 11, 1934, Dr. Stone. Under local anzsthesia a small incision 
was made along the anterior border of the left axilla and the pocket dissected deep into 
the areolar tissue along the axillary vessels into which eighteen fragments of parathy- 
roid tissue, grown in tissue culture for two weeks, were deposited. The wound was 
closed with silk. The tissue used in this case was human in origin and obtained from a 
fresh autopsy specimen. 

Result.—It is too soon after operation to tell what our results will be. 

CasE V.—Mrs. T. G., white, female, aged thirty-five. First visit March 28, 1934. 
C. C.—Tetany since January, 1932. H. & P. H.—€ssentially unimportant. P. J.— 
The patient has had three operations for hyperthyroidism, 1928, 1930 and 1932. Beginning 
one week after the last operation in 1932, she had severe parathyroid tetany characterized 
by spasms of the extremities, difficulty with respiration, increased temperature, convul- 
sions and unconsciousness. She had a marked Trousseau and very active Chvostek. 
These attacks were brought under control by calcium gluconate and parathormone. Later 
she became pregnant and was symptom-free without medication during the period of 
pregnancy which ended in November, 1933. The same attacks recurred in December, 
1933, and it has been necessary for her to take the same treatment as previously frequently 
between that time and the present date. She can tell by the feelings of paresthesia and 
numbness which precede the attacks when they are coming so that she prevents them by 
medication. 

P. E.—The physical examination is entirely negative at the present time in so far 
as parathyroid deficiency goes. There is, however, a persistent exophthalmos. The blood 
chemistry at the present time shows a calcium of 8.4 and a phosphorus of 5.08. (This, 
of course, means very little since she is under treatment and in between attacks.) 

Diagnosis ——Hyoparathyroidism, post-operative. 

Discussion—This should be an ideal case for our purposes since she has gone two 
years without improvement. 

Operation.—April 11, 1934, Doctor Stone. Under local anesthesia a small incision 
was made along the anterior border of the left axilla and the pocket dissected deep into 
the areolar tissue along the axillary vessels into which fourteen fragments of parathyroid 
tissue, grown in tissue culture for two weeks, were deposited. The wound was closed 
with silk. The tissue used in this case was human in origin and came from a fresh 
autopsy specimen. 

Result—There has not yet been time for any improvement to occur. 

CasE VI.—Miss S. W., white, female, aged eleven. First visit February 23, 1934. 
C. C--Overweight since birth. F’. H. & P. H—There are two normal children in the 
family. The mother’s family are subject to obesity. The child was born after a preg- 
nancy lasting almost ten months. She was quite large. She received no cod-liver oil 
or orange juice. She underwent a severe attack of bilateral pyelitis with chills, high 
temperature, ecfc., at the age of seven. Otherwise she has been fairly well. 
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P. I—The child has always been overweight and has been increasingly so lately. 
She complains of weakness and that she gets cold very quickly. She also tires very 
easily. There has been a consistent dryness and scaliness of the skin, of the face 
and extremities, with some thickening present. The child cannot get about well because 
of weakness and the fact that she is so much overweight. There is no history of 
mental retardation nor has there been any enlargement of the tongue. Nothing abnormal 
has been noted about her hair. 

P. E—The patient is a very stocky, obese child with short arms and legs. The 
skin of the scalp, face and extremities is dry, rough and scaly. There does not seem 
to be any thickening of the underlying tissue. She seems alert and mentally active. The 
facial expression is not particularly like that of a cretin. The tongue is of normal size. 
Heart and liver not enlarged, lungs clear. Blood-pressure 110/78, pulse 64, basal metab- 
olism —30 (taken after three weeks without thyroid therapy). 

Diagnosis —Multiglandular dyscrasia with thyroid deficiency predominating. 

First Operation February 24, 1934, Doctor Owings. Under local anesthesia a 
small incision was made along the anterior border of the left axilla and the pocket 
dissected deep into the areolar tissue along the axillary vessels into which twenty-six 
fragments of thyroid tissue, grown in tissue culture for two weeks, were deposited. 
The wound was closed with silk. 

Second Operation—March 10, 1934, Doctor Stone. The same procedure was used 
as in the preceding operation, the graft being placed in the right axilla. Twenty-seven 
fragments were used. 

Result.—The patient was seen again May 12, 1934, about two and a half months after 
the original transplant. Her basal at this time was —31, pulse 66, and she had gained 
about two and a half pounds in weight. Her mother feels that she is considerably im- 
proved particularly in that her skin is less dry and scaly than it was, she has done 
better in school, and that for the first time she has demonstrated her ability to get her 
weight off the ground by jumping rope. She has had no medication since the original 
operation. Scientifically she shows little if any improvement to date. Therefore, we re- 
serve judgment until a future date. 

Case VII.—A. B., colored, female, aged fifteen months. First visit January 8, 1934. 
C. C.—Won’t eat well and cannot stand up alone. F. H. & P. H.—Non-contributory. 
P. I1—The child has shown general retardation of development ever since birth. She 
has been dull and listless and wants to sleep all the time. She seems weak and has made 
very little attempt toward crawling or walking. She has always been constipated. There 
has never been any vomiting. The mother has noticed that she has a very large tongue 
which seems to fill her whole mouth and sticks out between the lips. She dribbles saliva 
constantly and cries frequently. Lately there has been a great deal of difficulty in getting 
the baby to eat. This seems to be principally due to general sluggishness and the fact 
that the large tongue interferes with swallowing. 

P. E—The patient is a short, pudgy, pot-bellied, Negro child with a very large 
tongue that protrudes for a considerable distance. She is quite sluggish and apparently 
uninterested in her surroundings. The eyes are small and sunken while the cheeks are full 
and puffy-looking. There are marked pads of fat over the back and hips. The skin 
particularly over the cheeks and extremities is dry, thick and scaly. The hair is coarse 
and sparse. The extremities are short as compared to the trunk, and the legs are quite 
bowed. Reflexes are sluggish. 

Diagnosis.—Cretinism and rickets. 

Treatment.—Desiccated thyroid, ¥% Gr. b.d. of desiccated thyroid plus the usual 
treatment for rickets. 

Discussion—The child was considerably improved under this therapy. 

First Operation.—Doctor Stone, February 6, 1934. Under local anesthesia a small in- 
cision was made along the anterior border of the left axilla and the pocket dissected deep 
into the areolar tissue along the axillary vessels into which twenty-six fragments of 
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thyroid tissue, grown in tissue culture for two weeks, were deposited. The wound was 
closed with silk. 

Second Operation.—February 20, 1934, Doctor Owings. The procedure was exactly 
the same as the previous operation except that the right side was used this time and 
twenty-eight fragments were put in. The source of the tissue in both cases was normal 
thyroid tissue obtained at operation from cases that had adenoma or cyst formation. 

Result.—The child has had no thyroid medication since the first operation. She is 
at present fairly alert, eats well, and in general seems to be about the same as when she 
was on thyroid medication. It is, of course, too early to say what the final result 
will be. 

Case VIII.—S. M. D., white, female, aged two years. First visit September 5, 1933. 
C. C.—Swelling in throat. F. H. & P. H.—Non-contributory. P. /.—The patient has 
had retarded development in practically every respect. She could not even sit up until 
she was eighteen months old and now at the age o: two she cannot walk, talk or stand 
alone. For the first eight to ten months following birth she had a great deal of difficulty 
in swallowing her food. She vomited frequently and slept more than she should. Her 
mother noticed that she could not cry very loudly and that her eyes appeared quite small 
and puffy. It has also been noticed that her skin is thick and scaly and that her hair is 
course and scant. The mother says she holds her mouth open all the time and that her 
tongue is usually protruding. She is mentally very sluggish and takes very little interest 
in her surroundings. It has been noted that her tongue and cheeks get blue-looking when 
she is asleep. 

P. E.—The child is a contented-looking stocky individual with scant coarse hair 
and protruding abdomen. The skin is thick, rough, dry, scaly, inelastic and has a yellow- 
ish tinge. The changes are most pronounced over the face and extremities. The tongue 
is large and protruding. It fills practically the whole cavity of the mouth, making it 
difficult for her to swallow. The eyes are small and pig-like. The chest is essentially 
negative, the liver is enlarged, legs and arms short as compared to the trunk, and the 
hands are thick with short fingers. There are fat pads present over the shoulders and 
hips. 

Diagnosis.—Cretinism. 

Treatment.—Desiccated thyroid, grains 1 to 2 daily. 

Discussion—Under this treatment the child was greatly improved in every respect. 
She lost weight, became mentally alert, the tongue became small enough so that she 
could eat, her facial expression completely changed, and most of the pathology of the 
skin disappeared. Her cholesterol dropped from 209 milligrams on September 7, 1933, 
before treatment to as low as 87 milligrams on October 2, and has remained around 
150 milligrams to date. 

Operation—Doctor Owings, April 11, 1934. Under local anzsthesia a small in- 
cision was made along the anterior border of the axilla and the pocket dissected deep 
into the areolar tissue along the axillary vessels into which fourteen fragments of thy- 
roid tissue, grown in tissue culture for two weeks, were deposited. The wound was 
closed with silk. 

Result—Too soon to say. 

Case IX.—L. F., white, male, aged forty-five. First visit December 20, 1933. 
C. C.—Feels sluggish, gets cold, tired and depressed very quickly. Too fat. F. H. & 
P. H.—Non contributory. P. /.—The patient’s symptoms are of one year’s duration. 
During this time he noticed that he has become increasingly sluggish. He wants to sleep 
all the time, gets tired very quickly and is extremely sensitive to cold weather. He has 
also noticed that his speech has become coarse and thick. His muscles get stiff quickly. 
He is subject to pains in the muscles of his legs and back. Lately he has had pain in the 
chest on exertion and shortness of breath. He has also noticed that his ankles have been 
somewhat swollen. He is apprehensive and feels like crying all the time. 

P. E—The patient is an extremely obese, sluggish, expressionless, middle-aged man. 
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The hair is coarse and sparse particularly in the axillary and pubic regions. The skin 
of the extremities is thick, dry and scaly. There are pads of fat present around the 
shoulders and thighs. There seems to be some thickening of the subcutaneous tissues in 
general. The uvula is cedematous, the heart and liver enlarged, there is definite pitting 
cedema of the ankles and the deep reflexes are quite sluggish. 

Diagnosis—Myxcedema, spontaneous (basal ranged from -22 to -40). Pulse and 
respiration very slow. 

Treatment.—Thyroid extract 1 Gr. t.id. Under this treatment the basal rose to 
plus 10 to 15 and all symptoms improved. 

Discussion—Although this patient is certainly a thyroid deficiency, it was not 
considered by us a very satisfactory case for our purposes because of the fact that the 
myxcedema came on spontaneously and we felt that whatever had caused this to 
happen might continue to operate and thereby destroy the grafted tissue. 

First Operation—Doctor Stone, February 6, 1934. Under local anesthesia a small 
incision was made along the anterior border of the left axilla and the pocket dissected 
deep into the areolar tissue along the axillary vessels into which thirty-one fragments 
of thyroid tissue, grown in tissue culture for two weeks, were deposited. The wound was 
closed with silk. 

Second Operation—February 20, 1934, Doctor Owings. Procedure was the same as 
in the previous operation except that the right axilla was used and thirty-two fragments 
were implanted. March 14 basal was —20 and patient was in general unimproved. 

Third Operation—March 24, 1934, Doctor Owings. Procedure the same as in the 
previous two operations, the left axilla being used again. Twenty-seven fragments 
were implanted. 

Result.——Unimproved to date. 

Case X.—R. L., white, male, aged eighteen. First visit January 21, 1931. C. C— 
Nervousness, restlessness and peculiar behavior of one month’s duration. The patient 
was transferred from the Phipps Psychiatric Clinic to the Surgical Service on this date. 
F. H. & P. H—E€ssentially negative. P. /.—The patient had enjoyed excellent health 
until December 17, 1930, at which time he noticed his neck seemed swollen and felt tight. 
On December 19 after a long bus trip he came home very nervous and tired. For the 
next few succeeding days he felt very weak and restless. It was noted at this time that 
his eyes looked prominent. He had severe sweats and acted so peculiarly that he was 
sent to the Phipps Clinic. Here he was abusive, ill-mannered and very careless in his 
habits (voided in bed). 

P. E.—Examination showed a very nervous, highly excitable patient with evidence 
of recent loss of weight. He was sweating, the neck and face were flushed, there was 
protrusion of the eyes and marked tremor of the tongue and fingers. The thyroid was 
diffusely enlarged and a definite thrill was palpable over the gland. The basal metabolic 
rate varied from plus 62 to plus 75. The pulse ran from 130 to 140. 

Diagnosis —Hyperthyroidism with psychosis. 

Treatment—Under the routine pre-operative treatment for hyperthyroidism the 
basal metabolic rate was reduced to plus 37 on February 17th. 

Operation—February 23, 1931, Doctor Penick, subtotal bilateral lobectomy of the 
thyroid. 

Pést-operative Course-—The wound healed per primum and the post-operative course 
was otherwise quite normal except that during March and April the patient showed 
transient signs of tetany and took calcium gluconate for some time. The basal on 
April 28, 1931, was —9. During the following year he showed gradually progressive 
signs of myxedema, being first specifically noted in July, 1931, when he came back com- 
plaining of weakness, lassitude and feeling poorly in general. By December 22, 1931, 
his basal was —24. Under treatment with thyroid which varied from 3% to 7 grains 
a day his basal had been kept up to plus 4 or 5. The basal dropped to —20 when he 
was taken off treatment. 
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First Operation —February 10, 1934, Doctor Stone. Under local anesthesia a small 
incision was made along the anterior border of the left axilla and the pocket dissected 
deep into the areolar tissue along the axillary vessels, into which twenty-one fragments 
of thyroid tissue, grown in tissue culture for two weeks, were deposited. The wound was 
closed with silk. 

Second Operation.—February 20, 1934, Doctor Owings. Same procedure as previ- 
ously, except that the right side was used and eleven fragments were transplanted. 

Third Operation—March 24, 1934, Doctor Owings. Same procedure as previous 
two operations. Left side used and forty-six fragments used. 

Result—Basal is now —8. The patient says he feels in general much better and is 
now able to get along on Gr. 2 of thyroid whereas it used to be necessary for him 
to take 3% to 7 Gr. 

From the human experiments we are not yet justified in drawing any 
general conclusions, as it is obvious that in only two cases, both parathyroid 
transplants, has sufficient time elapsed to judge the effect of the grafts. 
We are also aware that four of our five thyroid cases are not of exactly 
the sort we should prefer for testing the method. Three of these cases 
were infantile or juvenile patients diagnosed as cretins and in such patients 
there is always the possibility of pleuriglandular disorders that may blur the 
picture and confuse inferences. The fourth was an adult with spontaneous 
myxcedema complicated by angina pectoris, introducing a disturbing element 
again in the clinical estimation of the results. Only the fifth case is one 
of surgical removal of thyroid tissue with resultant hypothyroidism, suitable 
for an uncomplicated test of the procedure of grafting. Naturally, in the 
early development of a new method, with great difficulty in securing healthy, 
living tissue for grafts and entirely desirable cases for grafting, one takes 
what opportunities are available. If the method possesses real merit, we 
feel that it will survive even perhaps the unfair tests to which we have 
submitted it. Of the five parathyroid cases, three are less than two months 
since grafting at this writing and have received only one set of grafts. 
We offer no comments at all on these cases but report them as experiments 
begun. The other two cases, now fifteen months and ten months, respectively, 
since the first grafts, we believe may be presumed to be successful grafts. 
Their clinical recovery from all symptoms and the return of their blood 
chemistry to normal are evidence of such a result. It is true that parathyroid 
tetany cases sometimes tend to spontaneous recovery, perhaps by gradual 
hypertrophy of surviving parathyroid tissue, and such may be the explana- 
tion of the result in these two patients, but the long period of stationary or 
progressive tetany, in spite of other forms of treatment, before the grafting, 
and the change in the picture afterward, convince us that the grafts played 
a part in what happened. It may be that they did not survive themselves, 
but set in motion processes that led to the development of the patient’s own 
surviving parathyroid tissue, if any were present, and we acknowledge that 
the only scientific proof of success would be to explore the grafts and 
remove pieces for section. It is perhaps unnecessary to say that our desire 
to learn the truth about the fate of the grafts, great as it is, has not yet 
impelled us to this extreme measure. 
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In summary, we submit the following conclusions. 

In dogs, certain endocrine tissues may be transplanted successfully from 
one individual to another. Factors of success in such transplants include 
the choice of a proper site for the graft, proper size and form of the graft, 
and biochemical adaptation of the graft to the host. The axilla and groin 
are proper sites. The grafts should be tiny fragments or tissue cultures. 
The grafts should be grown in culture in a medium containing the blood 
fluids of the host to adapt it before implantation. 

In human beings, ten cases have been submitted to grafting treatments, 
using the methods developed by experiments on dogs. Five of these were 
grafts of thyroid tissue and five were grafts of parathyroid tissue. Of 
these ten cases, only two are of sufficiently long standing to permit an 
opinion as to the success of the experiment—both of them being parathyroid 
tetany cases. In both of them we believe we are justified in assuming 
that the grafts were successful. 


Note.—A portion of this work was made possible through the codperation of the 
Tissue Culture Laboratory, which is supported by the International Cancer Research 
Foundation. We gratefully acknowledge this aid. The operative work in dogs was 
done in the Surgical Hunterian Laboratory of the Johns Hopkins Medical School in 
the Surgical Department of Dr. Dean Lewis. 
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Discussion.—Dr. JAMEs C. Ow1ncs (Baltimore, Md.).—The work this past winter 
has been carried out entirely on dogs and it has consisted of isografts of thyroid tissue. 
Our procedure has been, that we take two dogs about whom we know nothing—just 
picked off the street-—and bleed those dogs by cardiac puncture, about 40 cubic centimetres 
of blood being taken from each dog. Then under ether anesthesia we do a total thy- 
roidectomy, leaving the parathyroid tissue in order to prevent tetany. Sometimes this 
isn’t possible because the parathyroids are so closely attached you can’t separate them 
and preserve their blood supply, so we lose some dogs from that cause. 

After the thyroid tissue has been removed, we use about one-third of the total 
amount of tissue for tissue cultures: This tissue is taken to Doctor Gey’s laboratory and 
minced up into pieces about one millimetre in diameter and grown on the medium he will 
describe to you in his part of the talk. 

It is kept in tissue cultures for two weeks. At the end of that time we make a small 
incision in the groin of the dog through the skin, and enlarge it by blunt dissection as far 
as the tissue around the femoral vessels, and into this pocket which has been developed 
the fragments are transplanted. 

We then allow the dog to go along for any given length of time we see fit and then 
go in and explore the region at a month or two months on up the line and take out 
small pieces of the tissue and examine them microscopically. We have as yet not 
carried any dogs through the functional test to see what the basal metabolism shows, 
but are going to do that this coming year. 
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GRAFTS OF THYROID AND PARATHYROID TISSUE 


Dr. Georce O. Gey (Baltimore, Md.) (by invitation) wished to present in motion 
picture form the viability of some of these cells and make a few remarks with regard 
to the technic we used in tissue culture. 

We take very small fragments in order to get nourishment to all the cells by 
diffusion. For many years we have had the experience in tissue culture work that by 
using large fragments we have very poor results. We must always have either a single 
layer of cells or at least a layer very few cells thick. Cells which have been taken freshly 
from the body will remain alive when kept at low temperatures for a period sometimes 
of a week, but then only you will see from even the most active tissues, such as embyronic 
tissues, fibroblasts brought out in very sparse growth. A very rich growth, however, is 
obtained in a very early fresh tissue and we have profited by this experience in this 
transplant work. 

Many years ago observations established the fact that tissues do have a certain 
amount of reserve energy depending upon their histogenetic age. Tissue taken from an 
embryo shows an enormous rate of growth as compared to tissue taken from an adult. 
This is also reflected by the humors of the individual. The humors of an individual very 
old do not support growth as well as the humors from a very young individual. We have 
had some failures in our tissue culture work in connection with the transplantation work, 
by using tissues from individuals that were in the fifth and sixth decade, in some of the 
transplants done on patients we used tissues from young individuals. I should think the 
best thing to do if anyone would wish to try it, would be to use the tissues of new-born 
individuals rather than the tissues from any other source, because we are subjecting, 
when implanting into the new host, the tissue to a rather strenuous test as regards its 
survival, because it must depend upon the absorption of what fluids are produced, or an 
hematoma may develop. 

Moving pictures were shown of actual cultures which were used for implantation. 
First a culture of parathyroid which was used for implantation, showing the border 
of an epithelial outgrowth, and pulsating areas of clear fluid which we have interpreted 
as possible secretion. At a higher power you see the same tissue which is also used for 
a patient in which you can see active ameboid movements on the cover glass. Here are 
seen globules of material that are undoubtedly the secretion of these cells, as we do not 
see them in other tissues of epithelium unless they have been secreting. 

Occasionally you will see division figures. Here we give you an idea from the slow 
speed and low-powered motion picture how from a mother fragment these cells migrate 
into the medium which contains about 40 per cent. of plasma to the recipient, about 30 
per cent. in serum, and the balance made up of about 15 per cent. of beef embryonic 
extract. Back in the fragment of the thyroid in this instance you see what resemble the 
shadows or the clear spaces and shadows of follicles in the fragment. 

Of course, we are not to compare this sort of growth with what happens in the host, 
because the formative stimuli that these tissues must respond to when transplanted into 
an individual are entirely different, as this tissue has some tendency to differentiate and 
use its specific function. However, the secretion angles give some evidence of the persis- 
tence of this function. The main stimulus in tissue culture is growth. We have some 
evidence, however, that the specific functions are carried to a great degree. 

We next see a culture of human parathyroid which is used for implantation and 
shows a very tiny fragment, possibly a tenth of a millimeter across, and these small 
thyroid cells contained in the fragment. Some of the cells you will see are present in 
tiny liquefaction areas and the cells even rotate in those spaces. The ameboid movement 
here is about comparable to that we would get from any type of tissue whether embryonic 
or adult, and it is about the same type you would get from any other type of epithelium. 
so there is no reason to believe this method could not be used for any other type of 
endocrine gland. Even the isolated cells, provided they have been given enough nourish- 
ment, if they are young enough, may be used, if their reserve energies or vital forces are 
sufficient to carry them through the brief period which the graft must establish itself in. 
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Here is a little larger one and represents what we call an epithelial seed. When they 
are looked at on the cover glass they look like areas of sprinkled pepper, little flecks of 
white material, and when examined you will see the small seedlike areas that have been 
spit from the mother fragment. In some cultures they seem to get along quite well. 
This shows beautifully how this tissue would round up when it has no support when 
implanted in the host. The center mass flies out when the fragment is too large. Here 
the cells have a chance to spread out because of their stickiness with regard to glass, 
which would not occur if we used some other substance. Here one sees the formation of 
one of those rounded masses from a group of cells which were quite extended. 

In setting up these cultures all that is necessary is to take the tissue fresh cut into 
small bits, wash briefly in a saline solution, similar to Ringer’s, Tyrode’s or Locke’s, put 
in a tube or cover slip of a culture, slide in a medium such as that which has been 
described in composition and amounts in the paper. The tissue is transplanted about 
every four days and put in a fresh medium until such time as it should be implanted in 


the new host. 


Dr. CHARLES H. FRAzIER (Philadelphia, Pa.) —May I introduce into the discussion 
the record of a clinical case which might be of interest because of the time that has 
elapsed since the transplant? 

This young woman was operated on in 1927 in some other hospital, and one week 
later developed acute tetany. The attacks of tetany persisted for six months, despite the 
fact she was taking from 20 to 75 units of parathyroid and from 90 to 300 grains of 
calcium daily. 

In 1928, she applied for treatment at the University Hospital still with signs and 
symptoms of tetany, with a blood calcium of 6.5 milligrams per cent. A parathyroid 
transplant was introduced in the rectus abdominis muscle on February 29, 1928. On 
March 13 her serum calcium was 9.3 milligrams per cent.; on April 5, 9.6; and on May 
23, 9.5 milligrams per cent. 

Since that time, up to the present, which is approximately six years, the patient 
has been entirely free from any symptoms or suggestions of tetany. 

There is one instance in her career, which perhaps should not be introduced in a 
scientific discussion, but may have some interest. At her last interview she said her 
only complaint was this; that when she became unusually aroused during a petting 
party she had tingling of her hands and feet. She tried to forestall the attacks by taking 
large doses of calcium, but without effect. 

But the fact remains, that a young woman, twenty-eight years of age, has been 
entirely relieved of symptoms of tetany for a period of six years following the implanta- 
tion of a parathyroid gland in the rectus abdominis. 


Dr. Harvey B. Stone.—Doctor Frazier’s case is not by any means isolated. Dr. 
F. J. Tainter in St. Louis has a similar case of a direct transplant of the parathyroid 
gland which was successful. There have been others. 

What we were trying to establish was a method which would have a certain 
dependability and not have to rest for its chances of success on the happening that it 
fitted. In other words, we are trying to develop a method in which we can adapt the 
graft to its host with some degree of regularity, and while there have been a few success- 
ful direct grafts there have been a great many attempts which have failed. It has been 
an effort to develop a technic, a method, that has animated us. 

Doctor Rienhoff and Doctor Fisher in Baltimore have a successful case of direct 
grafting too, I believe. 

There is one thing I wanted to make clear. I don’t think Doctor Owings quite 
emphasized the fact that these grafts were made from one dog to another. He, I am 
sure, did say it and intended to say it, but there was some doubt in the minds of other 
listeners near me as to whether the grafts were in the same dog from which the tissues 
were taken. They were not. They were in another individual and the dog into which 
the graft was made had had removal of its thyroid done. 
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DIABETES AND HYPERTHYROIDISM 
By E. P. Jostixn, M.D., anp Frank H. Laney, M.D. 


or Boston, Mass. 


Tue subject of hyperthyroidism and diabetes, as a combination of dis- 
eases, is such a small one that it permits but little to be said about it. It 
is, however, very important since both conditions are often responsible for 
serious states. One condition demands increased fuel intake to keep up 
with increased combustion, the other results in lessened ability to take care 
of increased fuel intake due to diminished pancreatic function. All I know 
about diabetes has been taught me by Doctor Joslin, and, while I read this 
paper, I wish to make it clear that the order of authors as the title appears 
upon this program is wrong since the important part of the successful care 
of diabetes and hyperthyroidism is the management of the diabetes. I make 
no attempt to relate to you technical, statistical, post-operative data. Rather 
do I attempt to present to you a few brief facts dealing with the practical 
management of this combination of diseases. 

In July, 1928, we published in the American Journal of Medical Sciences 
our experiences with hyperthyroidism and diabetes. We wish to present at 
this time the results of further experiences with these two associated diseases. 

We stated in the original paper that disturbed carbohydrate metabolism 
is quite constantly associated with hyperthyroidism, and that, because of this 
association of glycosuria with hyperthyroidism—in order to avoid making 
diagnoses of potential diabetics—it was necessary to raise the standard for a 
diagnosis of true diabetes in hyperthyroidism from 0.13 and 0.16 per cent. 
to a blood-sugar of 0.15 per cent. fasting or 0.20 per cent. or more after 
meals in addition to glycosuria. We are even more convinced that blood- 
sugars at this level should be the elevated standard set for the diagnosis 
of diabetes in the presence of hyperthyroidism if one wishes to avoid making 
diagnoses of diabetes when it is not actually present. Case No. 6264 in the 
new series is a well illustrated example, diagnosis primary hyperthyroidism. 
This patient had 3.5 per cent. sugar at entrance, but her highest blood-sugar 
was 0.16 per cent. after eating. This patient has remained sugar-free now 
for two years and in spite of 3.5 per cent. sugar, obviously was not a true 
diabetic. 

In the original paper on hyperthyroidism and diabetes dealing with sixty- 
three operated cases, a mortality of 4.8 per cent. was reported. To this series 
have now been added fifty-six operated cases with a mortality of 1.6 per 
cent. The combined series of 119 cases shows, therefore, a mortality rate 
of 3.3 per cent. This rate is considerably higher than the average mortality 
rate figures in patients with primary and secondary hyperthyroidism unasso- 
ciated with diabetes, the average mortality rate in primary hyperthyroidism 
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being 6/10 of I per cent., and in secondary hyperthyroidism 1.7 per cent., 
the average rate for both being approximately 1 per cent. 


TABLE [ 


Secondary Hyperthyroidism 


Old Series New Series 

Of diabetes... 47.8 yr. 55 


Primary Hyperthyroidism 


Old Series New Series 

Age at onset of diabetes...................... 40.5 yr. 42 


The incidence of two-stage operations in patients with hyperthyroidism 
unassociated with diabetes, in our hands, has averaged 22 per cent. and as 
evidence of our appreciation of the seriousness of this combination and of 
our attempt to reduce the mortality rate of 4.8 per cent. which occurred in 
the first series, the average number of two-stage operations in this last series 
of cases, in patients with primary hyperthyroidism and diabetes, has been 
something over twice this percentage, 49 per cent.; while the average per- 
centage of two-stage operations, in patients with secondary hyperthyroidism 
and diabetes, is 50 per cent. higher than in the uncomplicated cases, or 
33 per cent. 

It is evident from the above situation, therefore, that the mortality rate 
in this series has been reduced by doing 50 to 100 per cent. more multiple 
stage operations on patients with diabetes and hyperthyroidism than are 
done upon patients with uncomplicated hyperthyroidism. It is extremely 
important to realize, we believe, that the combination of diabetes with hyper- 
thyroidism increases the risk and, therefore, demands more conservative opera- 
tive approach if the mortality is to be kept low. 

The average basal metabolism rate in the cases of primary hyperthyroid- 
ism and diabetes pre-operatively was plus thirty-five. The average basal 
metabolism rate in secondary hyperthyroidism and diabetes was plus thirty- 
four, and in these cases the average metabolism of the patients with primary 
hyperthyroidism, six to twelve months after operation, was zero; the average 
metabolism in the patient with secondary hyperthyroidism, six to twelve 
months after operation, was plus two. The fact that the average weight 
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pre-operatively of the patients with primary hyperthyroidism and diabetes 
was I15 pounds, and of those with secondary hyperthyroidism, 117 pounds 
demonstrates the seriousness of these combined diseases. The average weight 
at the end of six to twelve months post-operatively in this same series of 
cases after subtotal thyroidectomy, was in primary hyperthyroidism, 135 
pounds, and in secondary hyperthyroidism 135 pounds. 

As we have frequently stated, there are twofold reasons for a loss of 
weight in the patient with hyperthyroidism and diabetes: that due to the 
increased metabolism associated with hyperthyroidism and, secondly, that 
due to the loss of sugar in the urine. 

The preparation of patients with hyperthyroidism and diabetes for opera- 
tion is of extreme importance, and the plan originally proposed has been 
followed with a few changes. No heroic attempt is made pre-operatively 
to make the urine completely sugar-free with diet or insulin. Carbohydrates 
have been maintained at about 100 Gm., the proteins at approximately one 
Gm., and the total calories not far from 30 per kilogram of body weight. 
Insulin has been given in small doses, usually five units, three or more times 
a day, and, if a prompt response to diet and insulin did not result—since 
hyperthyroidism increases the demand for insulin—the insulin has been in- 
creased to ten units or more at a dose and the frequency increased. We used 
to be very careful always to give food within three hours after operation, 
but this plan has been entirely given up. No food is given within four hours 
of operation as it has been our experience that food given within this time 
remains in the stomach undigested and increases post-operative vomiting. 
By this plan, one can advantageously begin to feed these patients sooner 
after operation. The dose of insulin before operation has always erred by 
being too small rather than too large. Post-operatively the frequency of 
dosage of insulin has seldom been increased, except in the very severe cases, 
since we have found that the sudden increase in glycosuria after operation 
has been temporary, and unattended by any serious harm. Following opera- 
tion every effort is made to give as much as possible of the carbohydrate of 
the original diet employed pre-operatively. 

Ten minims of iodine in the form of Lugol’s solution has been given 
three times daily before operation. Since the publication of the first series 
in 1928, we have proven, particularly in patients who are vomiting post- 
operatively, that Lugol’s solution may safely be introduced into the intra- 
venous solution and given intravenously, together with the glucose and salt 
solution, insuring thus the constant effect of iodine regardless of post-opera- 
tive gastric upsets. 

Following thyroid operations, severe post-operative thyroid storms are 
customarily treated by the intravenous employment of salt solution and glu- 
cose, and similarly in such cases complicated by diabetes, salt solution has 
been employed in large quantities with 50 to 100 Gm. of glucose in the 
twenty-four hours during the immediate post-operative period. 

Based upon our experiences with the need for repeated blood-sugar de- 
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DIABETES AND HYPERTHYROIDISM 


terminations post-operatively, in patients with hyperthyroidism and diabetes 
(sometimes in serious cases blood-sugars are taken every two hours), we 
wish to call attention to the necessity of avoiding frequent puncture and 
mutilation of the often limited number of available superficial veins. Blood- 
sugar determinations in these cases can be very satisfactorily done by the 
micro-blood sugar determination method with capillary blood from the ear, 
but eight drops of blood or less being required. 

Since in patients with these two serious states, hyperthyroidism and dia- 
betes simultaneously present, the frequent use of the superficial veins will 
be necessary for the introduction of fluids, glucose, and iodine, and at times 
with cardiac complications also digitalis, we wish particularly to stress the 
need, as already has been stated, of leaving these channels undamaged and 
available for therapeutic use. 

Following surgical relief from hyperthyroidism in patients with diabetes 
the increase in tolerance for carbohydrates has advanced considerably above 
the 30 Gm. reported in the last series, and the demand for insulin has like- 
wise markedly diminished. 

Conc.Lusions,—Glycosuria is so related to hyperthyroidism that care must 
be taken not to make the diagnosis of true diabetes in hyperthyroidism when 
it actually does not exist. Raised blood-sugar levels are suggested to avoid 
this error. 

By increasing the percentage of two-stage operations in primary and 
secondary hyperthyroidism, respectively 100 per cent. and 50 per cent., the 
mortality of the first series, 4.8 per cent., has been reduced in this series 
to 1.6 per cent. 

Directions are discussed for the preparation of patients with hyperthy- 
roidism and diabetes for operation. 

Attention is called to the need of avoiding unnecessary puncture for 
laboratory tests of the superficial veins in patients with hyperthyroidism and 
diabetes. As a means of avoiding such punctures, the employment of capillary 
blood from the ear, and the use of micro-blood sugars, is suggested. 

The effect of hyperthyroidism on diabetes is to intensify the disease, as 
with infection, increasing the demands for insulin. Following the surgical 
relief from hyperthyroidism there is an increase in carbohydrate tolerance 
of 30 Gm. or more and a marked diminution in the need for insulin. 


Discussion.—Dr. M. Tuomas Joyce (Portland, Oregon).—Doctor Lahey spoke 
on diabetes complicating hyperthyroidism. I should like to call your attention to 
glycosuria, as it is rather a frequent complication of hyperthyroidism. It occurred in 
about 15 to 25 per cent. of our cases. This ordinarily is due merely to spilling of 
the sugar by the kidney and does not indicate a diminished power to oxidize. However, 
when sugar is found in the urine of a patient suffering from hyperthyroidism, it should 
not be surmised that the glycosuria is unimportant until all possibilities of a real diabetes 
mellitus have been ruled out. Although the association of hyperthyroidism and dia- 
betes mellitus is certainly not common, it does occur in about one to 2 per cent. of 
the cases reported. 

The fasting blood-sugar is clinically important in the diagnosis of diabetes mellitus. 


633 


ing. 
ner 
by 
of 
Ses, 
ion 
Ta- 
of 
yen 
St- 
ra- 
alt 
ra- 
ire 
as 
he 
e- 


JOSLIN AND LAHEY 


It is rare to see a fasting blood-sugar over 120 per 100 cubic centimetres of blood in an 
uncomplicated case of hyperthyroidism. Joslin, however, advises the raising of the 
standard for a diagnosis of diabetes when associated with hyperthyroidism. He states 
that these cases must present, in addition to the characteristic symptoms of diabetes, 
a fasting blood-sugar of 150 and a blood-sugar after ingestion of glucose of 200 milli- 
grams per 100 cubic centimetres together with glycosuria. The glucose tolerance test 
is not characteristic in uncomplicated hyperthyroidism. It is important to remember 
also that there exists no apparent relationship between the severity of symptoms in 
hyperthyroidism and hyperglycemia. Mild cases of hyperthyroidism may show a 
severe diabetic-like curve, and a severe case of hyperthyroidism may give a normal 
curve. From this it can be seen that the diagnosis of true diabetes mellitus is extremely 
difficult in cases of hyperthyroidism, and many times surgical removal of the thyroid 
gland is necessary before a diagnosis of a coéxisting diabetes can be made. 

After the disturbing influence of the thyroid gland has been removed, fasting blood- 
sugar and glucose tolerance tests are repeated, and a decision made at this time rather 
than pre-operatively, as to whether or not the patient has a true diabetes mellitus. 


Dr. Frepertck A. CoLLter (Univ. of Michigan).—My experience has been very 
much less extensive than Doctor Lahey’s, and fortunately true diabetes mellitus is 
rather uncommonly associated with hyperthyroidism in our clinic. Going over the cases 
in our clinic, I found that in the past ten years diabetes has occurred with hyper- 
thyroidism in only 1.1 per cent. of the patients with diabetes, so it is rather an uncom- 
mon occurrence. 

However, transient glycosuria is very common. Some years ago the importance 
of this was borne upon me by an experience we had with one case. A woman with a 
mild hyperthyroidism was observed for about two weeks, during which time she 
showed glycosuria three times. We assumed that this was not true diabetes and pro- 
ceeded with the thyroidectomy. The following morning she went into coma. Fortu- 
nately, we recognized it and saved her, but that has led us to investigate, as Doctor 
Joyce does, more carefully every patient with glycosuria of any sort. 

I don’t believe the blood-sugar level in our experience has been as important as 
studies of the blood-sugar curves. I have never yet seen a true diabetic who did not 
present a curve of the plateau type—that is, the very slow return to normal after the 
second and third hours. So we routinely do these on all patients who present glycosuria 
at any time. 

Another very interesting complication, which does not speak well for our staff and 
myself, occurred about five years ago. A known diabetic was operated on, a thy- 
roidectomy carried out, and that night she began to show cyanosis, difficult respiration, 
which in retrospect was the Kushinal type of respiration associated with diabetic coma. 

An alert member of the house staff did a tracheotomy, diagnosing tracheal collapse. 
As a matter of fact, the clinical picture was not unlike that of tracheal collapse. The 
administration, however, of a proper amount of glucose and insulin restored her breath- 
ing to normal, but unfortunately she acquired pneumonia and died. This is the only 
death we have had in this group of about fifty-two patients with diabetes and hyperthy- 
roidism in the past ten years. 

There is one other thing we have found of importance and that is, no matter 
whether a patient is diabetic or not, with the tremendous increase in the basal metabolic 
rate there is a very rapid combustion of the available glucose present, even in the non- 
diabetic individual, and acidosis must be looked for at all times. 

Therefore, we have made the rule that every single specimen of urine of every 
patient who has had an operation on the thyroid must be examined, no matter whether 
it is passed every hour or every three or four hours. 
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The thing we are most interested in is the presence of the acetone bodies, and the 
specific gravity of the urine. We have found these patients lose insensibly on the 
average two litres of water a day—that is, through the skin and lungs—and they obvi- 
ously would need water more than the ordinary individual because they have so much 
more heat to dissipate. Therefore, we keep very close track of the gravity of the urine, 
keeping it at low levels, which assures the patient of an adequate supply of water. 

For some years I have been trying to induce our internists to let me remove a nor- 
mal thyroid from some severe diabetic, somewhat on the same principle as that of 
the surgeons who have been removing the normal thyroid for heart disease, simply to 
drop that basal metabolic level down. Doctor Pemberton reported a case in the 
literature very recently on whom this procedure was carried out. 

On the other hand, Doctor Cannon pointed out yesterday that by diet alone, follow- 
ing the work of Doctor Benedict, one can reduce the basal metabolism of the individual 
and carry it along easily at a -25. It is a nice thing to think that the thyroid extract 
is very much cheaper than insulin, but it is very questionable whether we will use 
this as a routine. 


Dr. Epwin N. MILter (Chicago).—From our experience at the Presbyterian Hos- 
pital in Chicago with patients having diabetes and at the same time a toxic goitre, it 
would appear that the hyperthyroidism in so far as can be judged by the clinical mani- 
festations, differs little if at all from that in the non-diabetic, but that the diabetes is 
materially influenced by the presence of the thyrotoxicosis. 

Without citing figures or boring you with details, I wish simply to say that a 
careful study of these diabetic patients in the service of Doctor Woodyatt, who during 
the past eight years have had a definite hyperthyroidism, who have come to operation 
and have been followed a different length of time thereafter, shows unquestionably 
that the diabetes in every instance has been unfavorably influenced in proportion to the 
severity of the toxic goitre; and conversely, that the relief of the hyperthyroid state by 
operation has been followed by a lessening of the severity of the diabetes. 

It has been observed that during the pre-operative period of preparation the lower- 
ing of the basal metabolic rate simply by rest, high caloric diet and iodine has of itself 
favorably affected the diabetes. In young individuals with a severe diabetes, the relief 
from hyperthyroidism has not always materially reduced the insulin requirement, but 
almost invariably has made a very brittle diabetes much easier to control. In elderly 
patients with a milder diabetes the dose of insulin after a sufficiently complete thy- 
roidectomy has usually been materially reduced, and in some instances discontinued 
altogether. 

In this series of patients there has been no operative mortality, a fact attributable 
in large measure to the meticulous care used by the medical men in the pre-operative 
preparation, and the diligent attention by them during the critical hours during the first 
two days after operation. 


Dr. RussELL WILDER (Rochester, Minn.).—The observation of increased severity 
of diabetes accompanying the complication of hyperthyroidism is an old one. The expe- 
rience in this at the Peter Brent Brigham Hospital and in the Mayo Clinic was sum- 
marized by Dr. Reginald Fitz in 1921. A few years later I reported a large series 
from the Mayo Clinic with results very much like those that Doctor Lahey has reported 
to us. 

The fact that following thyroidectomy and hyperthyroidism there is such a very 
marked improvement in tolerance as noted particularly by Doctor Miller led me some- 
time ago to want to do exactly what Doctor Coller has suggested, namely the total 
ablation of the thyroid in diabetes. 

A partial thyroidectomy cannot be expected to affect severe diabetes, although, as 
Doctor Miller has pointed out, the milder cases of diabetes complicated by hyperthyroid- 
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ism are frequently almost cured of their diabetes by partial ablation of the thyroid, 
They are never I think completely cured. 

I should like to mention at this time the total ablation of the thyroid in a case of 
pure uncomplicated severe diabetes. The operation was performed by Doctor Pemberton 
a year ago, May 30, 1933. We were emboldened to undertake it because of the interesting 
surgical reports from Boston on the effect of the total thyroidectomy in heart failure. 

Before the operation the basal metabolic rate in our patient was normal. There 
was no other evidence of hyperthyroidism. At that time forty units of insulin a day 
were being given and the diet had a glucose equivalence of 155. It contained about 
100 Gm. of carbohydrate. 

In this pre-operative period, with forty units of insulin a day and the diet mentioned, 
the urine contained 36 Gm. of sugar. In other words, the case was of such severity 
that forty units of insulin and this diet failed to control. Thirty days after the operation 
when the basal metabolism had fallen to —29 the urine was practically sugar-free with 
injection of only fifteen units of insulin daily and the administration of the same diet. 

Later, when the basal metabolic rate had fallen to —35, only eight units of insulin 
were required. At the present time, a year later, the patient is taking a half grain of 
Parke-Davis and Company thyroid preparation. This gives him complete freedom from 
otherwise annoying symptoms of hypothyroidism, and while we do not know at present 
exactly what the metabolic rate may be, the present insulin dose is fourteen to sixteen 
units. 

My interpretation of these observations is the same as I suggested in 1926, namely, 
that the rate of destruction of insulin is a factor that governs the severity of diabetes; 
with elevated basal metabolism, destruction must be more rapid than otherwise and 
diabetes more severe. If we can lower the rate of metabolism, as we do by total 
ablation of the thyroid, the rate of insulin destruction being lower, a given amount of 
insulin will go much further. Less insulin is then required for a given quantity of 
glucose. 

May I say a word bearing on the interesting report of Dr. Loyal Davis. There has 
been presented no evidence as yet that the improvement in diabetes which follows 
ablation of the hypophysis may not be explained in the same way as the improvement 
after thyroidectomy, namely by lowering of the basal metabolic rate. If that is true, 
we have no right to speak of the cure or prevention of diabetes by hypophysectomy. 
At the most, we can say the animal has an increased sensitiveness to the amount of 
insulin that is present. A small amount of insulin will go far in such an animal and 
there is reason to believe that an animal retains some power to manufacture insulin even 
after the removal of his pancreas. 


Dr. Martin Buet Tinker (Ithaca, N. Y.).—Doctor Lahey has brought out a 
number of very important points in this connection: First, his insistence on the importance 
of the blood-sugar estimation; second, the gravity of the condition requiring, in many 
cases, the stage operation rather than a complete operation; third, the codperation of 
an internist, in which he has been particularly fortunate in having Doctor Joslin 
with him. 

In our section of Central New York I have been impressed that the incidence of 
diabetes with hyperthyroidism is considerably higher than has been reported today. It 
runs between 2 and 3 per cent. Second, the insidiousness with which these cases 
develop in certain instances. As an example of this, the sister of a doctor came to me 
on the verge of diabetic coma, and we have had a number of such instances. People 
come in who have never even consulted a physician, who didn’t know that there was an 
abnormal amount of sugar in the urine, to say nothing about the blood-sugar. 

The stage operation is not sufficiently appreciated, and I thoroughly agree with 
Doctor Lahey as to its importance; close to 50 per cent. of these patients must have 
stage operations if they are to be saved. 
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DIABETES AND HYPERTHYROIDISM 


The permanent results have been in our experience excellent and we have been 
able to pull the patients through their immediate difficulties. A considerable number 
remain sugar-free and as well as cured from the hyperthyroidism. 


Docror Lanery (Boston).—I think the value in an experience such as I have been 
fortunate in having with Doctor Joslin is the warning that I think one can utter as the 
result of this experience. I would like to utter one to the medical men and repeat one 
to the surgeons. 

That is, the debate as to whether hyperthyroidism is to be treated by medical treat- 
ment, by radiation and so forth can go on endlessly I think, but should not go on in 
connection with the patient with hyperthyroidism and diabetes. The patient with 
hyperthyroidism and diabetes should not be submitted to the expectant forms of treat- 
ment, because you have to realize, as Doctor Joslin has said, that the patient with 
hyperthyroidism cannot be managed from a diet point of view because no matter what 
diet you put him on, he eats himself, as long as he has such an elevated metabolism. 

Therefore, the important warning I would like to utter to the medical men is 
that they should not delay in these cases but should urge immediate surgery in the 
cases of hyperthyroidism and diabetes. 

The other warning, based on our own experience, I have already uttered. That 
is that the complication of hyperthyroidism and diabetes is a serious one and will be 
attended with high mortality unless these cases are approached with care. 
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THE PRINCIPLES OF AND RESULTS AFTER AMPUTATION FOR 
DIABETIC GANGRENE 


By Levanp S. McKirrtricx, M.D., anp Tureopore C. Pratt, M.D. 
(spy InviTaTIoN) 


or Boston, Mass. 


FROM THE NEW ENGLAND DEACONESS HOSPITAL 


THE diabetic patient with a gangrenous lesion of his foot is not unlike the 
patient suffering from incurable cancer. Each has a progressive, frequently 
painful and, if untreated, fatal disease. The seriousness of the condition is 
often recognized late, and treatment therefore delayed or inadequate. As a 
rule, any operation that is helpful is a mutilating one. Operation improperly 
done will be followed by local extension and, even after an adequate procedure 
there may be a subsequent return—a metastasis in the one—gangrene of the 
remaining leg in the other. We have, therefore, approached the problem of 
diabetic gangrene as we are accustomed to study malignant disease—by a 
careful analysis of immediate and late results, with the hope that earlier and 
better treatment may be realized. 

Three hundred ninety-six patients have been operated upon by us during 
the eleven years from 1923 to 1933, inclusive. These patients have presented 
496 separate conditions, 467 of which have required some type of amputation. 
Only patients treated prior to January 1, 1933, are included in the follow-up 
study. 

Before entering into a detailed discussion of results, one ought to under- 
stand clearly the types of cases under consideration. We repeat that a 
clear distinction is necessary between diabetic patients with conditions due 
primarily to arterial insufficiency, as shown by pulseless, painful feet, 
blanching quickly on elevation, becoming deep red to purple when dependent, 
and diabetic patients with conditions due primarily to infections ; patients with 
circulation which if not normal is at least adequate, with feet that are warm 
and of good color, and with good pulsation in the dorsalis pedis arteries, 
even in the presence of actual gangrene of one or more toes. This distinction 
is important because the ages of the patients, their resistance to local infection, 
as well as their response to treatment are so different. Because of this 
difference in behavior, the two groups are kept separately classified through- 
out, except for the discussions of painful stumps and artificial limbs. 

General Principles of Management.——We shall only repeat again what 
every writer on diabetic gangrene has stressed. Satisfactory results will be 
obtained in the care of patients with diabetic gangrene only when there is 
close cooperation between internist,* surgeon, and hospital—all interested in 


* Dr. E. P. Joslin and his associates, Dr. F. G. Brigham and associates, Drs. A. A. 
Hornor and James Townsend have been responsible for the medical problems of their 
respective patients in this series. 
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AMPUTATION FOR DIABETIC GANGRENE 


giving the best care possible to a group of difficult patients. Each member 
of this team has his own work, his own responsibilities, and no effort can 
be spared to attend to each and every detail of the medical, surgical and 
hospital care. 

Time of Operation—Experience shows that approximately half of our 
hospital deaths are due to infection entirely in, or arising from a gangrenous 
or badly infected foot. The other deaths are from causes beyond medical 
help, mostly of cardiovascular and renal origin. Therefore, the decision 
as to the time and type of treatment should rest with the surgeon who 
should have the ever-present conviction that early, proper treatment will 
diminish by nearly 50 per cent. the number of hospital deaths. In nearly 
every instance, a death from infection is one from ill-advised or delayed 
treatment, due to failure to appreciate fully the dangerous possibilities of 
a gangrenous toe in a patient with diabetes mellitus. Much, but not all, 
of this delay precedes the hospital admission. 

Every case of diabetic gangrene is actually or potentially infected. We 
have seen a septicemia develop under our eyes in a patient with so-called 
“dry gangrene.” The level at which amputation should be done can be 
determined usually within a few hours, nearly always within a few days 
after admission to the hospital. The exception to this arises in that group 
of patients with small local lesions whose presenting symptom is pain. 
They may require from two to three weeks of careful hospital observation 
before an ultimate, accurate decision can be reached. The more active the 
infection the earlier operation is indicated. In the presence of well-localized 
infection, without lymphangitis, a delay of twelve to twenty-four hours will 
afford opportunity for improvement of the patient’s general condition. 

It is impossible to always make a clinical diagnosis of septicemia. A 
blood culture should be taken in every infected case immediately upon 
entrance. If lymphangitis is present, it is our custom now to use constant 
hot moist boric dressings applied from the foot to the knee for a period of 
twelve to forty-eight hours. If at the end of the first twelve-hour period 
there is evidence of the lymphangitis subsiding, we assume there is no 
septicemia and usually continue treatment for another twelve hours. Con- 
tinued improvement during this period, particularly if the blood culture is 
negative, argues strongly against a septicemia. One then looks forward 
to an amputation with a primary closure, the optimum time for which will 
probably be within the second twenty-four hours. Rarely, in this type of 
case, should amputation be done below the thigh. If, on the other hand, 
the patient remains dehydrated, the lymphangitis does not subside, operation, 
usually a guillotine amputation in the upper third of the lower leg, is done 
not later than twenty-four hours after admission. Diabetes, a pulseless foot 
with gangrene, infection and lymphangitis make a dangerous combination. 
If properly handled, however, the mortality even in these cases can and 
should be low. 

Only rarely will it be necessary to delay operation because of the medical 
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McKITTRICK AND PRATT 


condition of a patient, particularly if the surgical condition demands early 
operation. It may be necessary to modify the surgical procedure to fit 
the condition of the patient. Thus, in a very sick septic patient, with good 
circulation but with a bad local infection, it would probably be better judg- 
ment to remove the mass of infection by a guillotine amputation, than to 
delay operation in the hope of getting the patient into better general con- 
dition for an operation with a primary closure. We have operated success- 
fully upon patients during auricular fibrillation, upon a patient a few days 
after a coronary thrombosis, and upon one semi-comatose from a renal 
insufficiency. Not infrequently, the removal of a painful, infected gangrenous 
foot is better treatment for a severe cardiac lesion than morphia, digitalis 
or any other medication. 

Pre-operative Surgical Preparation—\lt has been our assumption that 
the skin of all diabetics is infected with a variety of organisms, including 
those of the gas bacillus group. This is particularly true of the skin in 
relation to the gangrenous area. It has been our experience that the routine 
sterile preparation, as carried out in most of our hospitals, is a most efficient 
method of milking organisms into the lymphatics and in bringing gas bacillus 
organisms from the region of the gangrenous lesion into the field of operation. 

In 1924, one of us had a death from a gas bacillus infection in a Gritti- 
Stokes stump, following amputation for gangrene of the great toe. As 
a result of that infection, our present method of skin preparation has been 
evolved, and is as follows: On the afternoon before operation, the area to 
be prepared is shaved; the actual field of operation, with a margin not to 
exceed two inches above and below the line of incision, is prepared by the 
usual soap and water scrub, alcohol and ether; it is then painted with a 
skin antiseptic (formerly 5 per cent. acriflavine in acetone alcohol, now 
tincture of metaphen). An additional area of about three inches above and 
below is also painted with the antiseptic solution. Jf there is an area of 
lymphangitis which approaches the field of preparation, the soap and water 
scrub is omitted and the field of operation merely shaved, wiped off with 
alcohol and ether, and painted with tincture of metaphen. A sterile dressing 
is then applied. On the operating-table a re-application of the skin anti- 
septic is given. 

Anesthesia and Preliminary Medication.—Spinal novocaine is used in al- 
most all of our operations. An occasional amputation of a toe or drainage of a 
foot and, very rarely, a major amputation is done under gas-oxygen. Fifty to 
seventy-five milligrams of novocaine are sufficient. We do not use pre-operative 
morphia for these patients, nor do we use any other type of preliminary medica- 
tion. Experience shows that it is unnecessary and suggests that if used in suff- 
cient amount to be of value it may be harmful. 

Principles of Operation.—Certain principles of operative technic we believe 
to be important. We do not use a tourniquet. A minimum of skin is exposed, 
and every effort made to avoid touching the skin by instrument, hand, or sponge 
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before touching the inside of the wound. Flaps are avoided as far as possible and 
never used above the knee. A circular incision insures a maximum blood supply, 
a minimum of trauma, and gives an entirely satisfactory stump. Formerly, the 
nerves were crushed, ligated, and injected with absolute alcohol,' but for the past 
three or four years we have used the electric cautery” because of its greater 
simplicity, and because occasional necrosis followed the leakage of a small 
amount of alcohol from a superficial nerve, such as might occur from the com- 
mon peroneal in a Gritti-Stokes amputation. The fascia is carefully approxi- 
mated by interrupted No. 1 chromic catgut sutures over the end of the bone. 
All dead space is thus obliterated and undue skin tension avoided. The skin is 
loosely approximated with interrupted, non-absorbable sutures. Drainage is 
never used. We believe the results justify our conviction that, if the site of 
amputation is accurately selected and the operation properly done, drainage 
will increase the risk of infection, delay union, and offer no advantages. 

A guillotine amputation is usually performed below the knee. A tourniquet 
is used. This amputation may be done through lymphangitis or through cellu- 
litis. If the patient survives immediate sepsis, amputation at a higher level is 
done within two or three weeks, or when the patient’s general and local condi- 
tions permit. Guillotine amputations above the knee in diabetic patients are un- 
satisfactory and to be avoided. 

Post-operative Treatment.—Dressings are done routinely in five to seven 
days after operation. If there is an elevation of temperature to 101° or more 
which persists for three days, particularly if associated with undue pain, the 
dressing is removed. If there is evidence of infection in any part of the stump, 
one or more sutures may be removed and the skin edges separated gently. Fol- 
lowing an uneventful convalescence after a thigh or Gritti-Stokes amputation, 
the patient begins to walk on a peg leg during the third week ; after amputation 
through the lower leg the use of a peg leg is delayed to the fourth week. 

The most distressing post-operative complications used to be pressure sores 
or skin infection of the back, and pressure gangrene on the tip of the remaining 
heel. These we no longer see. They have been avoided by: (1) removing 
rubber sheets; (2) turning the patient and rubbing the back with alcohol every 
two hours, day and night ; (3) placing a Balkan frame over the bed to make it 
easier for the patient to move; (4) wearing a heavy sock on the foot; (5) using 
a small pillow above the heel so that it does not come in contact with the bed ; and 
(6) massaging the foot daily with a small amount of hydrous lanolin. 


RESULTS OF TREATMENT—HOSPITAL 


Table I shows a complete summary of all operations on the extremities ot 
the 396 patients who have come under our care at the New England Deaconess 
Hospital from 1923 through 1933. The cases are divided into the two groups— 
gangrene and infection—operative procedures are listed separately, and the 
mortality for each group is given. A few points are worthy of note. 
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Table of Operations—-1923—1033 (Inclusive) 


McKITTRICK AND PRATT 


TABLE I 


Number of Cases Deaths 
Number 
Operation infec of Opera- | Gangrene Infection Total 
grene* tiont Case 
tions 

Amputation one or 

more toes........ 115 142 172 3(81.1%) 2(1.7%) 5(3.5% 
Toe, then major.... 29 14 43 10I 4(13.7%)  2(14.2%)  6(13.9%) 
Incision and drain- 

age, then major.. 1 fe) I 3 1(100%) fe) 1(100%) 
Lower leg.......... 28 6 34 38 1(3.5%) 0 1(2.9%) 
Lower leg, thenthigh 2 I 3 7 
Guillotine through 

lower leg........ 5 3 8 8 5(100%)  3(100%)  8(100%) 
Guillotine through 

| I 2 3 1(100%)  1(100%) 2(100%) 
Guillotine, the 

Gritti-Stokes..... 5 5 10 
Guillotine,thenthigh 7 I 8 18 2(28.5%) oO 2(25%) 
Gritti-Stokes....... 73 5 78 80 11(15.0%) oO 11(14.1%) 
Gritti-Stokes, then 

thigh. I 0 I 2 1(100%) 0 1(100%) 
130 12 142 147 14(10.7%)  2(16.6%) 16(11.3%) 
Death under anzs- 

thesia (no opera- 

I I 1(100%) 1(100%) 
310 158 468 589 44(14.1%) 10(6.3%)  54(11.5%) 
Incisionanddrainage 2 27 29 33 3(11.1%) 310.3%) 
Total operative cases 312 185 497 622 44(14.1%) 13(7.02%) 57(11.4%) 

SUMMARY 

Amputation one or 

27 115 142 172 3(11.1%)  2(1.7%) 5(3.5%) 
Toe amputations, in- 

cluding those fol- 

lowed by amputa- 

tion at higher level 56 129 185 273 7(12.5%) 4(3.1%)  11(5.9%) 
283 43 


326 416 41(14.4%) 8(18.6%) _49(15.0%) 


* Average age of patients with gangrene, 64.1 years. 
t Average age of patients with infection, 58.1 years. 


Mortality.—All patients who died in the hospital following operation are 
included in the hospital mortality. The 396 cases presented 497 different lesions 
requiring operation during this eleven-year period. Four hundred sixty-eight 
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conditions required amputation either of a toe or at a higher level, and show a 
mortality of 11.5 per cent. 

There is a striking variation in mortality from year to year. (See Chart I.) 
During 1932, for example, the mortality for the gangrene cases reached 18.6 per 
cent., and for all cases operated upon was 15.3 per cent. In 1933, however, we 
have a more hopeful group of cases, possibly with more accurate selection of 
operations, resulting in a mortality of 6.8 per cent. for patients with gangrene, 


___| Comparative Gangrene and Infection 
All Operations (497) 


—*0__Major Ampotetions (346)= 15.0 Z 
Gangrene 
15 
InFecrion 


Cuart I, showing the mortality from 1923-1929 and by years since 1929. The heavy 
line represents the mortality in the gangrene group (312 cases) and the broken line the 
mortality for the group with good circulation (185 cases). 


and 5.4 per cent. for all cases operated upon. These results compare very favor- 
ably with what one might call the basic mortality of 5.3 per cent. computed by 
excluding from the hospital deaths the thirty-two patients who died of infection. 

Except for the year 1930, the mortality for the group of cases entering the 
hospital with very severe infections, but with feet having adequate circulation, is 
consistently below that of the group with poor circulation. This point is ex- 
tremely important to remember while making the decision for or against con- 
servative treatment or in delaying operation on a diabetic patient with a foot 
lesion, and shows well the increased margin of safety afforded by an adequate 
blood supply. 
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McKITTRICK AND PRATT 


From our own experience, it seems to us that a hospital mortality averaging 
around 15 per cent. for the gangrene group and about 9 per cent. for the infec- 
tion group should represent what is to be expected until patients can be seen in 
earlier stages of gangrene than at the present time. 


TABLE II 
Hospital Deaths 1923-1033 (Inclusive) 

General septicaemia, 13 
General septicaemia, 5 
Gas bacillus infection of stump....................00005 I 
Gas bacillus infection of foot and empyema.............. I 
Extensive sepsis with carbuncle of back.................. I 
9 
I 
Carcinoma of ovary with metastases.................... I 
Sudden death under anzsthesia..................0000005 I 


Causes of Death—lIn Table II are listed the causes of death of fifty-seven 
patients who died in the hospital. Over one-half of these resulted from a 
septicemia at the time of admission or from infections in the amputation stumps. 
The other conditions which play an important part in the causes of death are due 
to disorders of the cardiac and renal systems. Prolonged infection is not only 
bad for diabetes but is also definitely harmful to kidneys already damaged. It is 
our policy to thoroughly investigate the condition of the kidneys of every patient 
before subjecting him to any procedure which might be attended by weeks, prob- 
ably months, of a local infection. 

Amputation of One or More Toes.—One hundred eighty-five, or 40 per 
cent. of the conditions have been treated by amputation of one or more toes. 
One hundred forty-two, or 77 per cent. of these were successful. The mortality 
for the entire group was 5.9 per cent.* In the group of forty-three cases, 
where amputation at a higher level became necessary, the mortality equalled 
that of the major operation group, 13.9 per cent. The number of re-amputa- 
tions has diminished greatly with increasing experience, there being only three 
cases in the last two years. If re-amputations are to be done, however, it is 
important to follow the mortality carefully and not allow it to exceed that of 
major amputations. It is a dangerous undertaking and not to be entered into 
lightly. One might well note in the summary of amputations in Table I that 


*The mortality in this group should approximate the “basic mortality” or 5.3 per 
cent. mentioned above. 
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the greater number of toe amputations occur, as one might anticipate, in the 
group which we have classified as due primarily to infection. 

Amputation through the Lower Leg.—The number of primary amputations 
done through the lower leg is not large. During the past few years, however, 
we have been intentionally doing a larger number of this operation, in an en- 
deavor to determine its uses and limitations. The mortality is very low here, 
undoubtedly because the group has been selected with great care. This operation 
requires a great deal more manipulation than does a Gritti-Stokes or an amputa- 
tion through the thigh. If circulation is adequate, and if there is no infection 
at the level of amputation, patients having this amputation do very well. Heal- 
ing, particularly in the gangrene group, is apt to be a bit delayed (Table III) but 
this does not interfere with the character of the stump. Case No. 54730, who 
had a bilateral amputation, returned subsequently with a thrombosis of the 
femoral artery on each side, requiring at separate admissions amputation above 
the knees. Case No. 58448, after complete healing of the lower leg stump, had a 
thrombosis of the femoral artery before discharge from the hospital, requiring 
athigh amputation. We have seen one other patient who had a successful lower 
leg amputation at another hospital, come to us after an interval of a year, with 
gangrene of the stump. In addition to the above, there have been two re-ampu- 
tations in this group without mortality. 

Gritti-Stokes Amputation—We have used the Gritti-Stokes amputation 
quite freely, though not so much during the last two years as previously. A 
Gritti-Stokes amputation gives a most dependable stump. Technically, how- 
ever, it is more difficult than amputation at a higher level. It requires more 
manipulation, a long anterior flap, and is done through structures where the 
blood supply is normally very limited. Frequently there is a little necrosis, 
superficial infection, or a collection of synovial fluid which prolongs the hospital 
stay. (See Table III.) It will be noted that the mortality in the Gritti-Stokes 
amputation is a little above that of amputation through the thigh. It is an opera- 
tion which ought not to be done for the diabetic patient by a surgeon who does 
only an occasional amputation. 

Amputation through the Thigh.—We consider the thigh amputation to be the 
simplest, safest and surest amputation. Almost without exception, it is done 
through the lower third of the thigh, using a circular incision. In most instances, 
the skin incision is made at the upper border of the patella, thus obtaining a long 
stump. The difference in the usefulness for the average diabetic patient between 
a supracondylar amputation and a Gritti-Stokes is not sufficient to compensate 
for the greater hazard of the latter. We feel, however, that if amputation was 
done routinely through the middle third of the thigh, the difference between 
a Gritti-Stokes and a higher amputation would be considerable. Regardless 
of circulatory possibilities, it is the amputation of choice in any diabetic patient 
who, because of progressive blindness, hemiplegia, or any other general condi- 
tion, cannot look forward to the use of an artificial limb. 

Guillotine Amputation—We look upon the guillotine amputation as a life- 
saving procedure. It has been done twenty-three times in this series, and 


645 


ven 
na 
Ips. 
lue 
nly 
t is 
ent 
ob- 
er 
es. 
ity 
eS, 
ed 
ee 

is 

of 
to 
at 
er 

| 

i 


McKITTRICK AND PRATT 


with but two exceptions through the lower leg. The amputation is indicated 
in patients with: (1) a septicemia; (2) a gangrenous or badly infected foot 
and poor general condition; (3) any condition demanding amputation when 
infection is so extensive or when lymphangitis extends so high that a primary 
closure cannot be done. The upper third of the lower leg is the usual location ; 
skin, bone, and muscle are cut in one plane, vessels are tied, and no sutures 
used. It was formerly our custom to place Dakin’s tubes at the time of opera- 
tion and to start irrigating with Dakin’s solution immediately. However, 
in our last two cases, we have used only simple boric ointment dressings, leav- 
ing them unchanged for several days. This proved to be very satisfactory 
and resulted in greater comfort to the patients. A satisfactory result follow- 
ing a guillotine amputation is evidenced by an immediate drop in temperature 
to normal, or slightly above, and the maintenance of a relatively normal chart. 
In every instance when the temperature has fallen but has been followed 
by a secondary rise, or there has not been any fall by crisis, death has resulted. 
When patients do well, a secondary amputation, either a Gritti-Stokes or one 
through the lower third of the thigh, is done within two to three weeks. A 
guillotine amputation through the thigh in a diabetic patient is very unsatis- 
factory, and in both instances where we have performed it, death has resulted. 
We make every effort to avoid it. 


TABLE III 


Showing the duration of hospital stay of patients with and without operations. Those 
dying in the hospital are excluded. 


Gangrene | Infection 


Number of Average Total | Number of Average Total 

Cases Hospital Days | Cases Hospital Days 
Unoperated *......... 129 21 233 19 
Incision and drainage . 35 44 
One or more toes...... 29 69 | 110 48 
Toe, then major...... 23 2 | II 65 
24 54 8 38 
Gritti-Stokes......... 62 57 | 6 45 
Se 114 45 | 9 30 


ce 381 53 | 412 40 


* Patients treated without operation prior to 1931 have not been included. 


Hospital Stay.—Table III shows the average length of hospital stay for 
each of the two main divisions; for each individual operation, as well as for 
the group of patients treated without operation. These figures do not include 
those who died in the hospital. All patients who have major amputations 
and ‘who hope to use artificial limbs are kept in the hospital sufficiently long 
to begin walking on a temporary peg leg. This probably adds five to seven 

646 


i 
| 
= 
~-—- 
| 
4 
a 
“3 


lose 


~ © 


AMPUTATION FOR DIABETIC GANGRENE 


days to their hospital stay. As might be anticipated, a great deal more time 
goes into saving a foot than into amputating it. Conservative treatment is 
reasonable and just providing that the foot saved justifies the longer and more 
hazardous investment. 


RESULTS OF TREATMENT—LATE 
An attempt has been made to obtain the end-results on all patients oper- 


ated upon prior to January I, 1933. Whereas this was accomplished in all 
but eight of the 263 cases followed, we were somewhat disappointed in many 
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Cuart II.—The solid line A represents the percentage of a mixed population at 
sixty-four years alive at the end of ten successive years. The broken line B represents 
the percentage of diabetic patients operated upon for gangrene (average age sixty-four 
years) and alive during the same period. 


of the replies to the detailed information asked for, particularly in those 
who died after leaving the hospital. The information recorded, therefore, 
comes from a varying number of patients and depends upon the condition 
under consideration. This variation is due to the fact that some questions 
were answered in one group and not in another. Except for the study of 
amputation stumps, only those patients treated for actual or impending 
gangrene are considered. 

Late Deaths —Of 188 patients who had amputations for gangrene—either 
of a toe or at a higher level—two or more years ago, only sixty-four are 
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living today. Of these, twenty-two or thirty-four per cent. have had bilateral 
major amputations. In Chart II a survival curve representing patients treated 
for arterial deficiency is compared to a similar curve, prepared from official 
U. S. census figures by Mr. H. A. Garabedian, of the John Hancock Life 
Insurance Company. What striking evidence of the perilous futures of these 
4 patients. Gangrene of a toe is merely one expression of extensive cardio- 
| vascular disease. Too much of what is left for these patients must not be 
: spent in trying to save a painful, dying foot. 

- Eleven patients refused to accept major amputation and left the hospital 
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a Cuart III, showing the average age of patients and their use of artificial limbs after 


amputation of one lower extremity. 


* A patient who gets around freely with no more help than one cane will be con- 
i sidered to use his artificial limb well. 


when, in our opinion, this was definitely indicated and when any attempt at 
removal of a toe would have been too dangerous to justify doing it. All 
of these patients have been followed. Nine died from progressive gangrene, 
one returned after a year in bed for amputation; and the remaining patient 
succeeded in healing the gangrenous toe but this was followed by gangrene 
of the other foot, and death. 

Amputation Stumps and Artificial Limbs.—Definite information has been 


4 obtained concerning the use of artificial limbs, and the amount of pain in or 
vi irritation of amputation stumps in 135 patients. Chart III shows graphically 
7 the percentage of patients who used permanent artificial limbs. 


The group of lower leg amputations was a disappointment, inasmuch as 
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only 77 per cent. rather than 100 per cent. used artificial appliances ; 66 per 
cent. of those who did use limbs, however, used them very well. It is impos- 
sible to deny the greater facility with which these old people get around when 
the knee-joint is preserved. On the other hand, seven of the sixteen patients 
(44 per cent.) who walked well and used artificial limbs most of the time, 
had some though not serious chafing of the stump. 

In the group of patients who had Gritti-Stokes amputations, 75 per cent. 
used artificial limbs. Only 42 per cent., however, used them well, and most 
of them depended upon a crutch or two canes in order to get around, with 
very limited activities. It will be noted that the average age of the patients 
with Gritti-Stokes amputations was not materially different from that in the 
group with amputations below the knee. There was no chafing of the stump 
from the use of limbs. We were not able to examine all of these patients and 
cannot state the number of cases in which the patella failed to unite solidly 
with the end of the femur. We have seen some instances where fibrous union 
only was obtained, and in these few cases the functional results were excellent. 

As might be expected, the group of patients with amputations through 
the lower third of the thigh made the least use of artificial limbs. This must 
not be interpreted as showing the advantages of a Gritti-Stokes over a low 
thigh. Note that the average age is sixty-five years rather than sixty-two, 
and that into this group fall all patients who before operation were considered 
unsuited to use artificial limbs. More important is the fact that of those who 
did use artificial limbs, 43 per cent. used them just as well as did the younger 
patients of the Gritti-Stokes group. As in the latter, there was no chafing 
of the stump. From our study of the individual cases, we believe that the 
discrepancy between the two groups is due to a difference in patients rather 
than to the amputation stumps. While we prefer the Gritti-Stokes stump to 
that obtained following a supracondylar amputation, the latter operation is 
better adapted to elderly people than the former. This study would also sug- 
gest that the late functional results were equally satisfactory. 

DOUBLE AMPUTATIONS 

Twenty per cent. of the patients upon whom we have done amputations 
have returned for amputation of the remaining leg, after an average interval 
of 23.1 months. In Table IV are listed thirty-one patients upon whom fol- 
low-up results are available. It is interesting to note all the possible com- 
binations. 

Thirty-two per cent. made some use of artificial limbs and of these 50 
per cent. were able to get around with the help of two canes or less. Except 
for two, with amputations below the knee, however, their activities are very 
limited. 

What impressed us more, however, than the ability to use two artificial 
limbs was the amount of work which the women were able to do. So many 
household activities lend themselves to wheel chair life that they can do an 
amazing amount of housework. The happy acceptance of their fate, as evi- 
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denced by the enthusiastic response to our letters, either from patient or 
family, has dispelled all doubt in the mind of either one of us who may have 


TABLE IV 
Double Amputations 
Age at Use of 
First Artificial Limbs Stump 
Type Operation Interval Permanent Pain Dead 

69 21 mos, 13 mos. 
57 54 mos. § Slight 
73 3% mos. 23 mos. 
74 ?2-4 mos. 33 mos. 
70 24 mos. Moderate 
65 wks. 24 mos. 
56 14% mos. § 
59 66 mos. t 8 mos. 
64 28 mos. 8 mos. 
49 14% mos. t 56 mos, 
53 24 mos. § 
59 38 mos. § 
43 8 mos. 0 Slight 0 
68 23 mos. 0 Slight 
59 2 mos. o Slight 
65 14 mos, Slight 
73 IO mos. Slight 

31 


* This patient developed gangrene in each stump and returned for amputations above 
the knees. 

t Walks little if at all. 

t Walks with two crutches. 

§ Walks with two canes or less. 
questioned the wisdom of a bilateral amputation. The same cannot be said 
of many of the men who, accustomed to a more active, mobile existence, find 
it difficult to readjust themselves to their limitations. Incidentally, several 
patients quite handicapped from cardiac symptoms were greatly relieved 
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following the removal of the remaining leg, presumably because of the subse- 
quent inactivity. 

Painful Stumps.—Many patients complain of pain in the phantom foot 
during their immediate post-operative period. This is particularly noticeable 
in patients who had had severe pain for a long time. It disappears or dimin- 
ishes to a degree, compatible with reasonable comfort, in two to four weeks 
except for an occasional patient. In response to our questionnaire, 16 per cent. 
of the 135 patients continued to have varying degrees of discomfort. In no 
instance, however, was the pain severe, and only once have we been asked 
to see a patient for persistent discomfort, and the symptoms in this case 
were not troublesome enough to necessitate treatment. How great a factor 
the change from injection of alcohol to the cauterization of the nerves has 
been, we do not know. The patients with this discomfort were about equally 
divided. In as much as many of the nerves in our amputation cases below 
the knee are neither injected nor cauterized, we believe that the absence of 
deep infection and a soft, flexible, non-adherent stump are big factors in the 
end-results. It is also possible that these patients do not live sufficiently long 
or active lives to develop true painful stumps. 


SUMMARY AND CONCLUSIONS 


Three hundred ninety-six patients were operated upon for 497 separate 
lesions of the lower extremities during the eleven years ending December 31, 
1933, with a mortality of 11.4 per cent. Three hundred twelve of these 
conditions were due to arterial deficiency with a mortality of 14.1 per cent., 
whereas in 185 cases where the arterial supply was satisfactory, the mortality 
was only 7.2 per cent. 

The mortality following 326 major amputations is 15.0 per cent. 

Most of the successful toe amputations were on feet with good pulsation 
in the dorsalis pedis arteries, or with other evidence of good blood supply. 

With thirty-two, or 56 per cent., of the fifty-seven deaths due to infection 
secondary to the local condition, the need for early and proper operation seems 
evident. 

Excluding the thirty-two deaths due to extensive infection on admission, 
which resulted in pre-operative septicemia or extensive post-operative infec- 
tion, a mortality of 5.3 per cent. was obtained. This is suggested as the 
approximate mortality from unavoidable causes in this group of bad risk 
patients. The mortality following major amputations can approximate this 
only when cases are seen earlier, and the time for and type of operation to be 
done is accurately selected. The mortality following toe amputations ought 
not to exceed this by more than a small margin. 

A mortality comparable to this “basic” mortality is reported for the 
seventy-three cases operated upon in 1933 and for the 185 toe amputations 
reported during the past eleven years. 

Results following amputations at various levels are considered both from 
the immediate and late results. 

Amputations through the lower leg healed satisfactorily in properly 


651 


id 
IS. 
Ss. 
é 


McKITTRICK AND PRATT 


selected cases. When this amputation has been done for gangrene, thrombo- 
sis in the popliteal or femoral arteries may follow and require amputation 
through the thigh at a later date. 

A lower leg stump adds greatly to the facility of using artificial limbs, 
but there is no justification for the increased risk and prolonged hospital 
stay following such an operation unless the general condition of the patient 
makes subsequent use of an artificial limb probable. 

A Gritti-Stokes amputation gives an excellent stump. It is particularly 
well adapted to one who must be on his feet for long periods of time. The 
operation is more hazardous than a supracondylar amputation and is followed 
by a somewhat longer hospital stay. 

The subsequent activities of diabetic patients, operated upon for gangrene, 
are sufficiently limited so that a good supracondylar amputation will give a 
satisfactory functional result, and if done with a circular incision is the safest 
of all amputations. 

Painful stumps have not been experienced. Results following cauteriza- 
tion of the nerve and alcohol injection have been equally satisfactory. 

Late mortality and morbidity in this group of patients is frightful. Of 
188 patients operated upon for gangrene two or more years ago, only sixty- 
four are still alive, and twenty-two, or 34 per cent. of these, have bilateral 
amputations. 

Bilateral amputation is frequently followed by relief from cardiac symp- 
toms, and is compatible with a useful existence and a happy household, par- 
ticularly if the patient is a woman. 

Except for the patient under sixty years of age, a bilateral amputation 
usually means a wheel chair existence. 


BIBLIOGRAPHY 
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Discussion.—Dr. ExtprinGe L. (Philadelphia).—The only way I have to 
compare our results is by quoting from the Philadelphia General Hospital. There we 
have the flotsam and jetsam of humanity and no private patients. Fifty per cent. of those 
cases did not know that they had diabetes until they were admitted to the hospital with 
gangrene. Eighty-seven per cent. of them had what Doctor McKittrick describes and 
we know as wet infected gangrene. Then again the type of infection differs somewhat 
from that found in Boston, as evidenced by the fact that in 1932 and 1933 four of the 
ninety-three amputations done were admitted to the hospital with gas gangrene already 
present in the limb, but interesting to relate, none of those four developed gangrene in 
the thigh following operation. 

Doctor McKittrick spoke about individuality in the treatment of these cases. In a 
personal conversation with him this morning I found that they had limited the operative 
procedures in their clinic recently to one operator chiefly with improved results. In 
other words, one-man surgery in these cases is better than that done by five or six 
operators. 

Having simultaneously recognized this fact in our service at the Philadelphia General 
Hospital, we have turned over the diabetic surgery to one man rather than have the 
service rotate between two men as formerly during my term on duty. 

In 1934 and 1933, our mortality, which on the whole is much higher than Doctor 
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McKittrick’s, jumped, and when we tried to analyze it we found two reasons. One was 
because of a peculiar situation at the hospital there were more men operating on the 
diabetic than at any other period since 1929. Where there had been two or three men 
before it had gone up to five, six and even seven men during this period. 

The second thing was that gas was in the offing, so to speak, as shown by the fact 
that four of our cases were admitted with gas, which is rather unusual. In fact, it was 
unprecedented in the cases where we have records. 

Doctor McKittrick has mentioned individuality in the practice of surgery. This 
means the exercising of the judgment the result of experience. In the badly infected 
cases, for example, he advocates a guillotine amputation below the knee, followed by a 
thigh amputation if necessary later. We have not practiced this for two years because 
we found that multiple operations raised our mortality. 

The essayist spoke of the handling of the cases of bad heart disease and the necessity 
of helpful surgery. We have one or two similar desperate cases who were operated upon 
in a sitting-up position. As soon as the offending member was removed the patient 
began to improve rapidly. 

Doctor McKittrick reports most commendable figures in regards to infection. Again 
we cannot emulate him. Infection still is our Nemesis. I can say, however, that as a 
result of limitation of the number of operators, the circular no flap operation and special 
operative field protection, our incidence of infection is 8.3 per cent. and our mortality 
26.6 per cent. for the last six months. 


Doctor LANE (Loyola University, Chicago).—I wish simply to emphasize one or two 
points that have been brought out by both Doctor McKittrick and Doctor Eliason. One 
is that the mortality of amputations in our experience has been the mortality of the leg, 
and in most instances it has been in the delay in the treatment of diabetes; so much so 
that we now handle our diabetic gangrene much as emergencies and take care of the dia- 
betes afterward in that no patient can stand the dual condition of sepsis from the 
gangrene and the diabetes. 

We observed and know perfectly well that the diabetes is uncontrolled or is uncon- 
trollable as long as the gangrene is present, and immediately then, after the gangrenous 
extremity has been removed, the patient’s diabetes can be promptly controlled. 

We have found the mortality has two distinct factors. One is delay and the other 
is the nearness to the trunk at which the amputation is done. 

In such an institution as Doctor Eliason has described, we went over our figures 
and found our mortality in diabetes was 39 per cent. In an effort, to reduce this we have 
devised one or two suggestions that have already been made. One is early amputation 
and then control the diabetes; and the other is a conservative amputation when this is 
at all possible, and never wait for a line of demarcation. 

One word about gas bacillus infection, which has faced us on several occasions. We 
had two just before I came away. One of my former associates, Doctor Gage, has 
worked out the fact that contact, skin contact, with wool is the important factor. We 
have never seen a gas bacillus infection in the summertime when we are wearing linen 
clothing. In the winter in injuries where the men are wearing wool clothing gas 
bacillus infection is not infrequent. 

Just as a matter of interest, the diabetic, while he is waiting for the line of demarca- 
tion, usually has his leg wrapped up in a blanket. I have seen one gas bacillus infection 
in a leg wrapped up in a blanket before the amputation. I know of one in which a patient 
was sleeping between blankets and a hypodermic injection was responsible for it. 

Several of our amputations for diabetic gangrene have been followed by gas infection 
and invariably in those patients where attempt had been made to keep the limb warm 
by wrapping it in a blanket. We went after this and cultured new blanket wool and 
new clothing wool and found in all instances we were able to cultivate the gas bacillus 
from ordinarily or socially clean wool, not necessarily surgical wool. 
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THE RELATION OF THE HYPOPHYSIS, HYPOTHALAMUS, 
AND THE AUTONOMIC NERVOUS SYSTEM TO 
CARBOHYDRATE METABOLISM 
By Loyat Davis, M.D. 


or Cuicaco, ILL. 


FROM THE DEPARTMENT OF SURGERY, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL 


THE surgeon became concerned with at least two glands of internal 
secretion because of the mechanical effects which their enlargement produced 
upon neighboring structures. As Cushing’ has related so clearly, when the 
thyroid gland became so large that the trachea was compressed and dyspncea 
ensued surgical intervention was hazarded. Likewise, when the pituitary 
adenoma becomes enlarged, erodes the floor of the sella turcica and affects 
the optic chiasm by pressure, blindness results unless it is removed. 

When correlated the data supplied by many experimental and clinical 
investigators has provided a simple enough story if only an isolated func- 
tion of one endocrine gland is to be considered. However, when one sees in 
the clinic a patient with an unmistakable acromegaly, whose first symptom 
was amenorrhcea; who has an enlargement of the thyroid gland which has 
produced symptoms of an exophthalmic goitre and who finally has a severe 
diabetes mellitus, the problem becomes more complex. Such instances are 
not rare and in one such patient, a thyroidectomy operation was followed 
within the year by an osteoplastic craniotomy for the removal of an hypo- 
physial adenoma to prevent blindness. When we are permitted to observe 
the duplication of the clinical symptoms of hyperinsulinism due to a pan- 
creatic adenoma, by a tumor of the midbrain we realize that to this endocrine 
gland relationship there is added the participation of the nervous system in 
the control of glandular balance. 

If one has read Cushing’s Lister lecture of 1930, there can be only one 
reason for a consideration of these neurohypophysial mechanisms. An at- 
tempt has been made to add to our sum of knowledge concerning the role 
of the hypophysis and its neighbor, the hypothalamus, in the metabolism of 
carbohydrates. That the hypophysis plays a part in this process has been 
known for some time as the result of the frequent association of acromegaly 
and diabetes mellitus. Cushing! has said that glycosuria occurs in approxi- 
mately one out of every four patients with acromegaly, while Leschke? re- 
ports a glycosuria and a hyperglycemia in eighty-eight patients of a series 
of 200 cases. Moreover, the diabetes mellitus which accompanies acromegaly 
is resistant to insulin and will occasionally recover spontaneously though the 
pituitary adenoma is progressing. That some mechanism involving the nerv- 
ous system is concerned with carbohydrate metabolism has been known since 
Claude Bernard described the production of glycosuria following a lesion 


in the fourth ventricle. 
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AUTONOMIC NERVOUS SYSTEM TO CARBOHYDRATE METABOLISM 


Eventually investigators became divided mto two opposing camps con- 
cerning the importance of the pituitary gland. There were those who at- 
tributed many functions to the hypophysis and those who maintained just 
as stoutly that the hypothalamus alone was responsible. Recently a blow 
was struck for the defense of the hypophysis and at the same time was so 
revolutionary as to upset completely the physiologists’ ideas concerning the 
control of the pancreas. These were the experiments of Houssay and his 
co-workers*® * 7% who demonstrated that in the hypophysectomized 
animal the pancreas could be removed without the production of hypergly- 
cemia and glycosuria. Contrary to what happens after removal of the 
pancreas in normal animals, these dogs and cats may be kept alive for weeks 
without the administration of insulin. 

Since Aschner’® first criticized experimental hypophysectomies because 
of the possibility of inadvertently injuring the hypothalamic region, and 
Camus and Roussy'! showed that a polyuria could be produced by injuries 
restricted to the tuber cinereum, the question of hypophysial versus hypo- 
thalamic effects has been a controversial one. Therefore, it becomes of 
interest to know whether or not these same effects can be produced by a lesion 
of the hypothalamus which spares the pituitary body. 

As a matter-of-fact there are many reasons to believe that the hypophysis 
is intimately connected by nerve pathways and its vascular supply, with the 
hypothalamus. Consequently it may not be unreasonable to assume that a 
lesion of the hypophysis, or its nerve and vascular supply in the hypothalamus 
may produce the same results. 

The evidence regarding the neural mechanisms to the hypophysis is rather 
definite. In 1913, Dandy'? demonstrated sympathetic nerve fibres, which 
spread from the carotid plexus and course along the vessels of the stalk 
to the anterior lobe of the hypophysis. Non-myelinated fibres, first de- 
scribed by Cajal'* have been traced more recently by Greving'* and Pines’® 
from both the supra-optic and paraventricular nuclei to ramify through the 
pars nervosa. Kary!® and Lewy" have reported retrograde cell changes 
in the nucleus supra-opticus and in the tuberal nuclei after injury to the 
posterior lobe of the dog’s pituitary gland. There is still further evidence 
to show that some of the nerve supply to the hypophysis originates in the 
superior cervical ganglion of the autonomic system. 

Some years ago Dandy and Goetsch'® gave a detailed account of the main 
sources of the arterial blood supply of the canine hypophysis. Recently, 
Popa and Fielding!® have shown in the human pituitary that the blood from 
the anterior and posterior lobes is not drained entirely into the basilar circle 
of veins which overlie the circle of Willis, but that a large amount of it passes 
upward through a number of parallel veins into the tuber cinereum. These 
vessels ramify in relation to the nuclei of this region, and have been called 
“hypophysioportal veins.’ Basir?° has stated that these long vessels run 
beneath the ependyma of the third ventricle where they form an arched 
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capillary plexus without being enclosed in perivascular spaces such as the 
systemic vessels have. The hypothalamic nuclei are supplied by systemic 
vessels from the circle of Willis and by the hypophysioportal veins. 

This would seem to bring definite evidence of a neurovascular and there- 
fore a functional interdependence. However, intracranial tumors are en- 
countered in the clinic which should, by their location, destroy this hypo- 
thalamic-hypophysial mechanism. Yet in these very same cases we are unable 
to detect any symptoms which would indicate such an interruption of func- 
tion. There are innumerable clinical examples of third ventricle tumors, 
and obstructive hydrocephalus which so distort the third ventricle and 
hypothalamus by pressure to the point that they are unrecognizable, without 


Cuart I 


clinical evidence of functional disturbance. On the contrary, gliomas of the 
optic chiasm and craniopharyngiomas in many instances provide positive 
symptomatic evidence of such a neurohypophysial mechanism. 

In an attempt to add to our knowledge of these intriguing clinical and 
experimental facts concerning the relation of the hypophysis and the nervous 
system to carbohydrate metabolism three series of experiments were per- 
formed. First, the pancreas was removed and later, the hypophysis was 
damaged in cats by the Horsley-Clarke stereotaxic apparatus.* In a second 
group of animals the lesions were placed in the hypothalamus, so that the 
hypophysis was spared, and the pancreas was then removed. In the third 
series, stimulation experiments were carried out upon the autonomic nervous 
system. 

(1) Hypophysial Lesions and Pancreatectomy.—In this series of ani- 
mals, twelve cats were operated upon and a complete pancreatectomy was per- 
formed. The removal of all of the pancreas has been verified in this and 
subsequent series by gross dissection and by microscopical examination of 


* By this apparatus, the use of which has been described by Ranson™ in cats and 
monkeys, lesions may be placed accurately at any point within the brain. 
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the related viscera for accessory glandular tissue. Eleven of these pan- 
createctomized animals died within one week, either of a severe diabetic 
state, in spite of the use of insulin, or as the result of an acute respiratory 
tract infection. One animal was given four units of insulin immediately 
following the operation and four doses of three units each the following 
day. On the second post-operative day, a lesion was made with the Horsley- 
Clarke apparatus with the purpose of damaging the hypophysis. Following 
this procedure, eight units of insulin were given the first day, seven units on 
the second day, four units on the third day, and none tnereafter. This 
animal lived for fifty-nine days and was then sacrificed. 


Fic. 1.—Microphotographs of lesion produced in Cat No. 10. 


The blood-sugar in this animal rose from a pre-operative level of 74 
milligrams to 200 when the brain lesion was made. Following this pro- 
cedure, it was 250 but then dropped steadily to 100 on the fifth post-operative 
day. It remained between seventy and 120 except on two occasions when it 
fell to forty on the seventh and thirty on the twelfth post-operative day. 
(Chart 1.) In this instance the needle had entered in the mid-line, passing 
through the third ventricle. The lesion destroyed a segment of the middle 
of the anterior lobe of the hypophysis and a small part of the pars nervosa 
with slight damage to the pars tuberalis. The infundibulum seemed to be 
at least partially blocked by scar tissue and the pars tuberalis was slightly 
hypertrophied with acinae greatly distended by colloid. The post-optic com- 
missures, the ventral periventricular nuclei and the gray substance of the 
tip of the tuber just rostral to the infundibulum were damaged or entirely 
destroyed. (Fig. 1.) 

The deliberate attempt to injure the hypophysis in this animal was fol- 
lowed by results in complete agreement with Houssay and Biasotti. With 
the pancreas removed and after the lesion had been made, this animal did 
not show a blood-sugar level above 120 for fifty-four days in spite of an 
entire absence of insulin. In the light of the work of those who believe 
that the products of pituitary secretion pass from the pars intermedia by 
way of the tissue spaces in the pars nervosa to stimulate the tuberal and 
other anterior hypothalamic nuclei, it is interesting to note that in this animal 
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the infundibulum was partially blocked and that the space separating the 
pars intermedia from the anterior lobe was distended and contained a large 
amount of homogeneous material. It has been suggested that as the result 


4 of nervous impulses from hypothalamic nuclei, ripened secretory cells are 

a cast off, invade the pars nervosa and become hyaline bodies. These latter 

7 then make their way through the pars nervosa toward the infundibular 
cavity.* 


(2) Hypothalamic Lesions and Pancreatectomy.—lIn this series of experi- 

ee ments, eleven cats were studied. Lesions had been made in the hypothalamus 

by means of the Horsley-Clarke stereotaxic apparatus at periods varying 

from one to two months previous to removal 

patie of the pancreas. Of these animals seven died 

: 1] after an average post-operative period of three 

coh Coo | CI lived seventy-four days and was then sacrificed ; 

| another died of an enteritis thirty days after 

the pancreas had been removed ; a third cat was 

sacrificed on the fourteenth day, and the fourth 
on the twenty-second day. 


In Cat No. 63 the blood-sugar rose from 77 to 
246 in the five days immediately following the hypo- 
thalamic lesion. It then returned to normal where 
it remained until the pancreatectomy, thirty days later. 
Following removal of the pancreas the blood-sugar 
rose to 357 within three days and a glycosuria, but 
no polyuria, was present. Three units of insulin were 
given on the third and fourth days following which 
there was a gradual drop in the blood-sugar. It re- 
mained between 118 and 138 from the eighteenth to the twenty-eighth day. There was 
no glycosuria after the fifth day following removal of the pancreas. (Chart II.) 

In Cat No. 65 the blood-sugar rose from 93 to 113 on the first day following the 
hypothalamic lesion. Thereafter until removal of the pancreas on the twenty-sixth 
day the blood-sugar remained between 80 and 100. It had risen to 334 within one week 
after removal of the pancreas and a moderate glycosuria was present. The _ blood- 
sugar then dropped gradually to 88. It remained between 70 and 75 from the fifteenth 
to the forty-fourth day. 

In an attempt to determine the effect of anterior lobe pituitary extract, 1 cubic 
centimetre was injected intramuscularly on two successive days. An immediate glycosuria 
developed and the blood-sugar reading was 350 on the forty-eighth day. With one 
exception of 246, the blood-sugar level was between 300 and 350 following these injec- 
tions until the time of death and a glycosuria was constantly present. Despite the 
hyperglycemia and glycosuria the cat remained active and alert although it lost weight 


slowly. 
In a further attempt to determine whether or not theelin would counteract the 


effect of anterior pituitary lobe extract, as has been suggested, 100 rat units were 


* Herring” has described “hyaline bodies” which are believed to be the secretory 
product of the pars intermedia and make their way through the nervous tissue into the 
infundibular cavity of cats. Cushing and Goetsch*® made similar observations on dogs. 
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injected into this animal daily for the last nine days of life. The blood-sugar was not 
lowered nor was the glycosuria decreased. (Chart III.) 

In Cat No. 77 the blood-sugar varied between fifty-two and eighty-nine for thirty- 
seven days following the hypothalamic lesion. On the thirty-eighth day the blood-sugar 
The pancreas was removed on the thirty-ninth day and four days later the 


was 100. 
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blood-sugar was 139 although no insulin had been given. During these days a slight 
glycosuria was present. From then on with the exception of the eleventh and sixteenth 
days when the blood-sugar was 163 and 350 respectively, it remained between 110 and 
130. On both of the occasions when the blood-sugar was found high, the cat struggled 
unusually hard when the blood was withdrawn. The animal remained well and active 
to the time of its sacrifice on the twenty-second day after the pancreatectomy. (Chart IV.) 
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A careful histological study reveals the interesting fact that the lesions 
in these three cats which survived pancreatectomy had the point in common 
that they were placed so as to involve the region of the fornix, and affected 
the perifornical nuclei. They were situated in the tuber cinereum slightly 
rostrodorsal-lateral to the mammillary bodies. It is at about this level that 
the ventromedial hypothalamic nucleus lies. The lesions in those cats which 
did not survive pancreatectomy did not seriously affect this region, or left it 
entirely unscathed on one side of the hypothalamus. (Fig. 2.) 


Fic. 2.—Microphotographs of (A) Cat No. 63, (B) Cat No. 65, (C) Cat No. 77. 


In five cats of this series in which lesions had been made with the Horsley- 
Clarke apparatus and the pancreas removed, hyperglycemia and glycosuria 
occurred. When their clinical course and the histological appearance of the 
hypothalamic lesions are compared with those of the preceding animals, cer- 
tain negative evidence appears which is of value. lor example, in Cat No. 83 
which survived the pancreatectomy in good condition for fourteen days 
although running a high blood-sugar, the lesions in the hypothalamus were 
unsymmetrical. (Chart V; Fig. 3.) On one side of the hypothalamus the 
lesion was similar to those found in Cats Nos. 63, 65 and 77 but the opposite 
side of the same area in the hypothalamus was affected only slightly. It 
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would appear from this evidence that the hypothalamic lesion must not only 
be in a given area, but that it must also be bilateral and symmetrical. 

(3) Stimulation of the Autonomic Nervous System.—In an attempt to 
prove whether or not stimulation of the sympathetic fibres which Dandy 
had demonstrated coursing from the carotid plexus to the anterior lobe had 
an effect on the hypophysis, Weed, Cushing and Jacobson** stimulated the 
superior cervical sympathetic ganglion in rabbits, cats and dogs. They found 
that, providing the animal had available glycogen stored up, a glycosuria in- 
variably resulted. Glycosuria resulted even after section of the vagi and 
transection of the spinal cord at the level of the fourth thoracic segment. 
On the contrary, stimulation of the sym- 
pathetic chain did not produce glycosuria. 
At that time they had no dependable 
methods for testing blood-sugar. After 
removal of the posterior lobe of the hy- 
pophysis, stimulation of the ganglion did 
not produce glycosuria. Direct stimulation 


of the hypophysis was followed by glyco- 
suria even after transection of the spinal 
cord. The conclusions were drawn that 
the glycosuria which followed stimulation 
of the superior cervical sympathetic 
ganglion was due, not to a nerve reflex 
but to a chemical stimulus to glycogenolysis arising somewhere in the cephalic 
course of the cervical sympathetic fibres. They believed that the chemical 
substance discharged ‘was carried through the vascular system to the glycogen 
storehouses in the liver and muscles where it inaugurated glycogenolysis. 
As Cushing has stated, their experiments may be capable of reinterpretation 


Fic. 3.—Microphotograph of Cat No. 83. 


- in the light of new knowledge. 


Shamoff** corroborated the production of glycosuria following stimulation 
of the superior cervical sympathetic ganglion, but stressed the frequent occur- 
rence of a polyuria, which resembled that produced by the intravenous injec- 
tion of pituitary body extracts. Keeton and Becht*® stimulated the hypophysis 
directly in dogs and obtained corroborative results. When the splanchnics 
were sectioned this result was not obtained. Keeton and Becht believed that 
their experiments spoke against the liberation of a hormone which caused 
hyperglycemia. However, this need not follow necessarily and as they sug- 
gested the site of the action of the hormone might be some central glycogenic 
centre which requires an intact nerve pathway to the viscera for its discharges. 

In all of our experiments, that part of the autonomic system to be stimu- 
lated was identified and rubber dam was used to prevent the spread of 
current to adjacent structures. A faradic current, with the secondary coil at 
8 centimetres was used and three stimuli each of thirty seconds duration 
with intervals of two minutes between each stimulation were employed. 
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Blood-sugar readings were made on each animal before the experiments be- 
gan. Female cats were used and specimens of urine were collected by 
2 catheterization of the bladder. Nembutol (sodium pentobarbital) % cubic 
“a centimetre per kilogram of body weight and sodium amytal (sodium-iso-amy]- 
ethyl-barbiturate ) in the same dosage were used intravenously for anesthesia, 
In five control cats anesthetized with nembutol and four animals to which 


a sodium amytal was given, glycosuria never developed and the blood-sugar 
a readings never rose above 150 milligrams which is considered the upper level 
a. of normal in anesthetized cats. 
a In five animals the superior cervical sympathetic ganglion was stimulated. 
4 The average initial blood-sugar of these animals before stimulation was 104 
= milligrams, the average final blood-sugar following stimulation was 251 milli- 
Cuart VI 
+ 
“cae 
"blood 
340 - 
Trunk Cat Belom Trunk 


grams, and the median final blood-sugar was 294 milligrams. All of the 
animals showed a glycosuria varying from two to four plus in intensity. 
In two cats the cervical sympathetic trunk was stimulated. No glycosuria 


i. developed and the blood-sugar rose from an average of 98 milligrams to 132 
4 milligrams both of which readings are entirely within normal limits. 

tT In four animals the stellate ganglion was stimulated. The average initial 
i blood-sugar was 102 milligrams, the average and median final blood-sugar 
\@ after stimulation was 324 milligrams. These animals also showed a definite 
ag glycosuria. In four other cats, the sympathetic trunk was cut below the 


stellate ganglion. In these animals stimulation of the ganglion raised the 

blood-sugar level from 114 milligrams to an average final determination of 

213 and a mean final level of 222 milligrams. The glycosuria in these animals 

was less marked, varying from one to three plus. In five animals the sym- 

pathetic trunk was cut above the stellate ganglion before stimulation. The 
662 


| 
| 


be- 

by 
nyl- 
‘sia. 
uich 
gar 
evel 


ted. 


illi- 


“ON 38D (VW) 


LOYAL DAVIS 


average initial blood-sugar was 104 milligrams and the average and median 
final determinations were 264 and 286 milligrams respectively. Two of these 
cats showed no glycosuria and the other three had a moderate positive reac- 
tion. (Chart VI.) 

As a control experiment the sciatic nerve was stimulated in two animals. 
Glycosuria did not develop and the average initial blood-sugar level of 81 
rose to 139 milligrams both of which readings are within the normal range. 

In three cats, the splanchnic nerves were removed on both sides by a 
subdiaphragmatic approach. Ten days later, the superior cervical sympa- 
thetic ganglion was stimulated. Glycosuria did not develop and the average 
initial blood-sugar level which was 91 milligrams rose to a final level of 
152 milligrams. 

Finally, in three cats a hypothalamic lesion was made from two to three 
weeks before stimulation of the superior cervical sympathetic ganglion was 
carried out. The preliminary rise in blood-sugar which immediately follows 
these lesions had returned to normal. In two cats the average initial blood- 
sugar determination was 106 milligrams and the average final reading was 
145 milligrams. There was no glycosuria and a very slight increase in the 
flow of urine. In one cat the initial blood-sugar was 115 milligrams which 
rose to 200 milligrams after stimulation. The urine showed a heavy sugar 
reaction. 

The hypothalamic lesions in the three cats of this series were situated 
very near the ventral surface of the hypothalamus. In the two animals in 
which no glycosuria or hyperglycosuria resulted after stimulation of the 
superior cervical ganglion the lesions were greater in extent. One damaged 
both perifornical areas and the other injured the wall of the third ventricle 
sufficiently to suggest a possible interference with the action of hypophysial 
substance upon the hypothalamic nuclei. 

In the cat which showed glycosuria and elevated blood-sugar following 
stimulation of the superior cervical ganglion the lesions were more ventral 
than in the other two cats and probably were not of the type to interfere 
with the action of the hypophysial substance. 

SumMary.—It may be stated that hyperglycemia and glycosuria are not 
produced by pancreatectomy in cats which have a lesion of the hypophysis. 
Bilateral hypothalamic lesions, symmetrically placed, may be followed by 
pancreatectomy without the development of hyperglycemia and glycosuria. 
Such lesions must be situated in the tuber cinereum slightly rostro-dorso- 
lateral to the mammillary bodies at the level of the ventromedial hypothalamic 
nucleus. Stimulation of the superior cervical sympathetic ganglion and the 
stellate ganglion in cats produces a marked hyperglycemia and glycosuria. 
These results are not obtained following section of the splanchnic nerves 
or bilateral symmetrical lesions of the hypothalamus. 

It is always difficult to correlate knowledge provided by the laboratory 
with clinical experience. Many times our records of patients fail to record 
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what later becomes of great interest to us to know; in other instances we 
do not know for what to search. There are many clinical examples of the 
relationship between the various lobes of the hypophysis and a neural mech- 
anism in the hypothalamus. Besides the question of carbohydrate meta- 
bolism, there is the occurrence of diabetes insipidus, adiposity, thermal regu- 
lation, pathological sleep and states of hypoglycemia. On the contrary, it 
may be asked why does one see many cases of intracranial tumor, in which 
as a result of secondary hypdrocephalus the walls of the third ventricle may 
be so ballooned out and thinned that degeneration must invariably occur 
without any recognizable clinical manifestations? To the influence upon 
carbohydrate metabolism of this rather well-defined neurohypophysial mech- 
anism, is added the relationship of the autonomic nervous system and the 
thoracic and abdominal viscera. 

We have as yet no evidence which would lead to any information regard- 
ing the source of the carbohydrates mobilized in these experiments. The 
work of Griffith?’ led him to believe that hyperglycemia may develop from 
stimulation experiments without involving the pancreas, thyroid, parathyroid 
or the hypophysis, providing the adrenals are intact. As a corollary, Houssay, 
Biasotti and Rietti® have reported that the diabetogenic action of anterior 
lobe extract may be observed in the absence of the pancreas, hypophysis, 
thyroid, ovaries, testicles, splanchnic nerves, lumbar sympathetic chains, ad- 
renals, or a lesion of the tuber cinereum. They concluded, however, that 
the liver alone was necessary. 

Certain it is that there is evidence enough to throw some doubt upon 
the idea that the islets of the pancreas have an independent secretory control 
over carbohydrate metabolism. It is well established that typical lesions 
exclusively characteristic of diabetes have not been found in the pancreas. 
In fact, Allen?® has observed changes in the pancreas described as character- 
istic of diabetes in almost 50 per cent. of cases in which there was no 
diabetes. It would indeed be strange if nature had concentrated the control 
of such a vital function in one organ. It is more logical to believe that sugar 
disposal is more carefully safeguarded by perhaps multiple mechanism. 
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INDICATIONS AND CONTRA-INDICATIONS FOR DENERVATION 
OF THE ADRENAL GLANDS 


By GeorGce Crite, M.D. 


OF CLEVELAND, OHIO 


THERE are certain diseases that are caused by the excessive activity of the 
brain-thyroid-adrenal-sympathetic system among which may be included neu- 
rocirculatory asthenia, hyperthyroidism, peptic ulcer and possibly diabetes. 

It is found that this excessive activity can be lessened by denervation of 
the adrenal glands. This involves the principle of pathological physiology. 
We have applied this conception in 326 cases of pathological physiology of 
the adrenal-sympathetic system with the following results: 

We have found that even more effective than bilateral denervation is uni- 
lateral denervation with section of the major and minor splanchnic nerves. 

First of all, I should cite certain end-results of continuous activity of the 
brain-thyroid-adrenal-sympathetic system in which this operation is not 
effective. 

Hypertension.—In established cases of hypertension, the end-results of 
adrenal denervation are negative. In cases of early hypertension in young 
subjects, however, there is evidence that denervation may stabilize the process. 

There is evidence also that even in late cases the blood-pressure becomes 
stabilized against the violent uprushes that occasionally occur in hypertension. 
This should lessen the percentage of vascular accidents. On the whole, how- 
ever, denervation in cases of hypertension has given disappointing results. 

Raynaud's Disease—The results of adrenal denervation in the treat- 
ment of Raynaud’s disease do not as yet justify the use of this method of 
treatment. Our thesis that kinetic diseases may be cured by some form of 
dekineticizing procedure still holds true, however, as this disease is cured by 
the excision of sympathetic ganglia. It may be questioned also whether this 
is truly a kinetic disease. 

Psychoses.—In the presence of psychoses, neurasthenia, or any condi- 
tion in which the seat of disturbance is in the brain, adrenal denervation is 
contra-indicated, but these are not kinetic diseases as the adrenal-sympathetic 
system is not involved. 

In all forms of true kinetic disease, however, with the exception of hyper- 
tension and Raynaud's disease, adrenal denervation is proving to be almost 
a specific method of treatment. 

Neurocirculatory Asthenia—Our 120 operations on the adrenal glands in 
cases of neurocirculatory asthenia include seven adrenalectomies and 113 de- 
nervations. This series includes forty-three cases in which the neurocircu- 
latory asthenia was complicated by psychoneurosis. A recent follow-up shows 
improvement or cure in 93 per cent. of the uncomplicated cases. In some 
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cases the beginning of the improvement is delayed, but when once started it 
progresses steadily. 

Hyperthyroidism.—Of the seventy-nine operations on the adrenal glands 
for hyperthyroidism, eleven were adrenalectomies and sixty-eight were de- 
nervations. There has been improvement or cure in 100 per cent. The im- 
provement has been manifested by an average gain in weight of twenty pounds 
as contrasted with a pre-operative average weight loss of thirty-one pounds ; 
a reduction of the average basal metabolic rate from plus 33 to plus 3 per 
cent.; a reduction of the average pulse rate from 120 to 80. It should be 
emphasized that adrenal denervation is not advocated as a substitute for 
thyroidectomy in the treatment of hyperthyroidism. In certain cases, how- 
ever, especially when there appears to be an element of neurocirculatory 
asthenia associated with the hyperthyroidism, or in cases in which impairment 
of the voice would mean an economic loss as in the case of a singer or 
preacher, adrenal denervation may be substituted for thyroidectomy. 

In cases of recurrent hyperthyroidism, thyroidectomy or at least a lobec- 
tomy should be performed first to be followed by adrenal denervation, since 
the fact of the recurrence shows that more than a local attack is required to 
cut down the hyperactivity of the thyroid-adrenal-sympathetic system. 

When a psychosis is associated with the hyperthyroidism, adrenal de- 
nervation will accomplish no more than will thyroidectomy. By either opera- 
tion the objective symptoms of the disease may be abated or cured, but the 
psychosis will remain. 

Peptic Ulcer—As the result of our thirty-nine operations on the adrenal 
glands for peptic ulcer, of which thirty-four were denervations, 10 per cent. 
have been improved and 86 per cent. cured. 

A consideration of our case histories brings out three significant facts: 

(1) That it is almost as illogical to expect an ulcer in a young and tem- 
peramental subject to be cured by a local operation as to expect Raynaud’s 
disease to be cured by the amputation of a finger. 

(2) That the clinical results of adrenal denervation tend to improve with 
the lapse of time. 

(3) That even a unilateral denervation, though not so potent as bilateral 
denervation, may so modify the general state of the patient that ordinary 
therapeutic measures will keep him relatively comfortable. 

In a number of cases in which the ulcer has recurred repeatedly after local 
operations, adrenal denervation has given the first real relief from the 
symptoms. It follows that denervation is specifically indicated in cases of 
peptic ulcer in which medical and surgical treatment has failed. 

Epilepsy.—Since epilepsy involves rhythmic hyperactivity of the entire 
energy system, muscular system and glandular system, and since the execution 
of such a body-wide activity involves the glands that govern energy as well as 
the brain and the nerve ganglia, one might expect that denervation of the 
adrenal glands and excision of nerve ganglia might mitigate the severity of 
the attacks; might convert a major into a minor epilepsy; might even effect 
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a cure. Even if it were only possible to convert attacks of grand mal into 
those of petit mal, it would be well worth while. We have treated forty-four 
cases of epilepsy by various types of dekineticizing procedures, thirty by de- 
nervation. Sixty per cent. of these patients have shown improvement or cure. 
In five cases not included in the above percentage, the operation was _ per- 
formed too short a time ago for any judgment to be formed regarding the 
end-results. 

Diabetes.—It is difficult to evaluate the cases of diabetes as most of them 
were associated with hyperthyroidism, but we can say definitely that of the 
eight cases in which adrenal denervation and thyroidectomy have been per- 
formed, the diabetes has been ameliorated or cured in all. 

Polyglandular Disease-—In seven cases of polyglandular disease, mani- 
fested especially by hirsutism and obesity, denervation has been followed by 
disappearance of the hypertrichosis and restoration of a normal habitus. 

Just as the results of adrenal denervation in cases of hyperthyroidism 
and of peptic ulcer demonstrate that these diseases do not originate in the 
thyroid gland or in the stomach, so the results of this operation in cases of 
polyglandular disease demonstrate that this disease does not originate pri- 
marily in the ductless glands, as had also been demonstrated by the fact that 
in these cases, at least, replacement therapy has been ineffective. 

It would appear that polyglandular disease, like hyperthyroidism, peptic 
ulcer and neurocirculatory asthenia is the result of a pathological physiology 
of the adrenal-sympathetic system. 

Our cases indicate that the former conception that polyglandular disease 
originates primarily in the ductless glands is not supported. That such a con- 
ception is incorrect has received further support from the fact that replace- 
ment therapy has heretofore failed to bring relief. Since in these cases the 
only effective treatment consisted simply of lessening of the pathological 
activity of the adrenal-sympathetic system, it would appear that in each case 
the disease was a pathological physiology of the sympathetic system and that 
the glandular disturbances were end-effects. In three subsequent cases of this 
disease which have been treated by denervation only, similar relief was 
obtained. 
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THE SUPRARENAL CORTICAL SYNDROME WITH 
PRESENTATION OF TEN CASES 
By Warman Watters, M.D. 


Russet M. Witper, M.D. (By INVITATION), 
AND 


Epwin J. Kepter, M.D. (By 


DIVISION OF MEDICINE, THE MAYO CLINIC 


Or Rocuester, MINN. 


IN THE past two years nine patients presenting clinical pictures similar 
to that named by Gallais’® “le syndrome génito-surrénal” and by Krabbe,® 
“adrenal hirsutism,” have been examined at The Mayo Clinic. In this paper 
we are reporting again an additional case in which operation was performed 
in 1924 and which was reported at that time by Keyser’? and Walters.** 
Although considerable variation may be encountered, the syndrome is gen- 
erally characterized by hirsuitism, amenorrhcea, hypertension, and_hyper- 
glycemia and by obesity of the face, trunk and abdomen. Acneform erup- 
tions, cutaneous infections and osteoporosis also have been common symptoms. 

One patient was not subjected to operation. In nine cases surgical ex- 
ploration of one or both suprarenal glands was performed. If a tumor was 
found it was removed. If the suprarenal glands were thought to be hyper- 
plastic, a portion of each gland was removed. Two cases of bilateral hyper- 
plasia were encountered, five cases of unilateral tumor, and two cases in 
which the suprarenal glands were essentially normal. In two of the five 
cases within four months after removal of a suprarenal tumor, all symptoms 
had practically disappeared, and the patients reverted to their normal ap- 
pearance. A third patient of the five from whom a cortical tumor was 
removed four weeks ago has already shown definite evidence of a return to 
normal. In the remaining two cases of the five, the patients died. Since the 
first case was reported by William Cooke,* in 1756, many similar cases have 
been reported by Thornton, Bovin, Collett,2, Holmes and others, but a series 
as large as the one presented here, studied in a reasonably short period, is 
thought to be exceptional. 

Tumors involving the suprarenal cortex occur with much greater fre- 
quency than those arising from the medullary substance. Structurally, the 
cortex takes its derivation from the intermediate cell mass, coelomic epithe- 
lium which later gives rise to the urogenital fold and the wolffian body, from 
which, in turn, arise the ovary and testis. Because of this common ancestry 
disturbances of these ductless glands may produce heterosexual changes char- 
acteristic of patients presenting the suprarenal cortical syndrome. On the 
other hand, the medulla of the gland is derived from the embryonic sympa- 
thetic nervous system. The most important tumors of the medullary portion 
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SUPRARENAL CORTICAL SYNDROME 


of the suprarenal gland are the paragangliomas, benign in character, charac- 
terized clinically by attacks of paroxysmal hypertension. Relief in such cases, 
over periods of more than six years, has resulted following removal of su- 
prarenal paragangliomas by C. H. Mayo,'* by Shipley,?* and by Porter 
and Porter.*? 

Clinically and experimentally, Marine’ and Jatfé! have shown that an 
intimate relationship exists between the suprarenal body and the other duct- 
less glands. Further support of their thesis is the fact that in the past three 
years Cushing” has collected a group of fourteen cases, the clinical picture of 
which has been similar to that in cases of tumor of the suprarenal cortex. 
Ten of his patients were found to have basophilic adenomas of the pituitary 
body, and the remainder had pituitary tumors which were not definitely 
classified. Sometimes the tumors were so small that it was necessary to 
study the pituitary body in serial section in order to demonstrate their pres- 
ence. Inasmuch as in most such cases examination of the suprarenal gland 
gives no evidence of tumor, but frequently the cortical portion of the structure 
is hypertrophied, it becomes necessary to approach the problem from the other 
angle, namely, to determine whether or not patients with syndromes sug- 
gesting tumors of the suprarenal cortex may not also have adenomas of the 
pituitary body. But recent experience may serve to cast some light on this 
problem. Two of our patients were proved to have bilateral hyperplasia of 
the suprarenal glands, and in both instances the pituitary body was normal 
when examined histologically. In each case, serial sections of the pituitary 
body were made. Layton, Turnbull and Bratton'® reported two similar cases 
with cortical hyperplasia and normal pituitary bodies. One of our two pa- 
tients, just mentioned, had normal convalescence from her operation until, 
on the tenth day, mild parotitis developed. Tonsillitis followed, then extensive 
cervical cellulitis with pneumonia, and the patient died. At necropsy the hy- 
pophysis was removed and was examined in serial sections, but it did not 
contain adenomas. The combined weight of the suprarenal glands was thirty- 
five grams, which is estimated to be more than twice normal. There were 
two small cortical adenomas in the left suprarenal gland, three to four milli- 
metres in diameter. The thymus was atrophic and was replaced by fat. The 
ovaries were small and sclerotic, containing small cysts. 

In the second case (Case VI) the patient’s condition on admission was 
so poor that surgical exploration of her suprarenal glands could not be con- 
sidered, and she succumbed two months after admission. Necropsy disclosed 
a normal pituitary gland, both grossly and on microscopical examination of 
serial sections with special stains. Both suprarenal glands were enlarged and 
hyperplastic, and had a combined weight of forty-nine grams. A thymic 
tumor, about five centimetres in diameter, was present. There was a small 
abscess of the pancreas. The thyroid gland contained multiple, degenerating, 
colloid and fetal adenomas with intra-adenomatous parenchymatous hyper- 
trophy, graded 2. In Case VIII of this series in which there was diffuse 


671 


ilar 

e,15 

per 

ned 

28 

en- 

er- 

up- 

ms. 

eX- 

vas 

eTr- 

er- 

in 

ive 

ms 

ip- 

as 

to 

he 

ve 

ies 

is 

he | 
e- | 
m | 

r- 

le 

| 
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hyperplasia and hypertrophy of the suprarenal glands, the clinical picture was 
so similar to that presented by the other patients that the diagnosis was at once 
suggested. The suprarenal glands, on exploration, were found to be about 


twice normal size. 
In two additional cases, bilateral exploration of the suprarenal glands 


was carried out without gross evidence being found of suprarenal tumor, 
hypertrophy or hyperplasia. Specimens removed from each suprarenal gland, 
in both cases, showed no evidence of hyperplasia on microscopical examina- 
tion. One year subsequent to exploration in one of these cases the patient 
died at her home. The hypophysis was removed and was sent to us for 
examination. It contained an adenoma, five millimetres in diameter, com- 
posed of basophilic cells. In a second case the sella turcica was slightly but 
definitely enlarged, and the posterior clinoid process was slightly eroded. 
This patient is still living. 


THE SIGNIFICANCE OF HYPERTROPHY AND HYPERPLASIA OF THE SUPRARENAL 
CORTEX 


That adenomatous tumors of the cortical portion of the suprarenal gland 
will produce the clinical syndrome described is apparent from the fact that 
after removal of the adenoma, reversion of the patient to a normal status has 
taken place in three of our cases as well as in the cases of Holmes, of Collett 
and of others whose reports have appeared in the literature. An analogy 
might well be drawn between hyperfunctioning adenomas of the thyroid gland 
and of the suprarenal glands. A similar analogy might be drawn between 
parenchymatous hypertrophy of the thyroid gland with exophthalmic goitre 
and the hyperplasia of the suprarenal gland, the former with the development 
of hyperthyroidism and the latter with the development of the suprarenal 
cortical syndrome. Whether the condition is the result of tumor or of hyper- 
plasia and whether it is referable to the thyroid gland, or the suprarenal 
glands, apparent hyperfunction may follow. Bilateral reduction of the mass 
of functioning suprarenal tissue, if sufficiently radical, might be expected to 
restore normal conditions, as does similar reduction of parenchymatous thy- 
roid tissue in Graves’ disease. In the most recent case in which the supra- 
renal cortical syndrome was present, half of the left suprarenal gland and 
four-fifths of the right were removed. In this case each appeared to be at 
least twice normal size and hyperplastic. 

In two of three patients with proved hyperplasia of the cortex of the 
suprarenal gland, this hyperplasia could not be attributed to the presence 
of a basophilic adenoma of the pituitary body, for complete post-mortem ex- 
amination was obtained, and on serial section of the pituitary body no adenoma 
was present. The possibility that an anatomically normal pituitary body might 
be overfunctioning and thus producing hyperplasia of the suprarenal glands is, 
of course, not excluded, but the possibility appears to us to be extremely 
improbable. 
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SUPRARENAL CORTICAL SYNDROME 
SUPRARENAL CORTICAL SYNDROME AND PITUITARY BASOPHILISM 


Eight of our ten cases seem to be instances of primary disease of the su- 
prarenal cortex. In one, a basophilic adenoma of the pituitary body was found 
on post-mortem examination. In a second case, the patient had evidence, on 
réntgenographical examination, of enlargement of the sella turcica, with ero- 
sion of the floor and of the posterior clinoid processes. This patient is still 
living, but réntgenographical evidence of a pituitary tumor is present. In 
both of these cases, the suprarenal glands appeared to be normal in size at 
surgical operation, and sections of them, removed for microscopical examina- 
tion, revealed no abnormalities. A point that should be held in mind is the 
not infrequent presence of adenomas of the hypophysis, suprarenal cortex, 
and other glands of internal secretion, in the absence of any physiological 
disturbances. G. Roussy and C. Oberling,?* reviewing the histology of 
pituitary adenoma, stated that in systematic examination of the pituitary 
glands recovered at necropsy in forty-one cases, they have found micro- 
scopical adenomatous foci in about 10 per cent. of cases. The “Lancet” 
(London) in commenting on their studies stated “the incidence of these 
chance adenomas in necropsy material is certainly a problem that demands 
attention.” 

Costello* recently has been engaged, at the clinic, in examining 1,000 hy- 
pophyses obtained at random in post-mortem examinations in cases in which 
there was no history of endocrine abnormality. Itach hypophysis was sec- 
tioned serially at intervals of one millimetre. Approximately 20 per cent. 
of them contained adenomas, but only about a fifth of these were basophilic. 
With the random incidence of basophilic adenoma, less than 4 per cent., 
as the foregoing seems to indicate, it must be more than a coincidence that the 
pathologist should have found basophilic tumors of the pituitary body in one 
of ten cases in which the syndrome of “pituitary basophilism’’ had been 
recognized, and that Cushing® shouid have been able to report fourteen proved 
instances in the twenty-two cases he has described. The possibility is enter- 
tained that a possible basophilic tumor of the hypophysis incites the hyper- 
plasia and the growth of adenomas in the suprarenal glands. From the 
evidence at hand in this disease, however, one might speculate equally logi- 
cally that the dominant part is taken by the suprarenal gland, even in cases in 
which basophilic tumors of the hypophysis were present. As Cushing® stated: 
“Some of these syndromes have unquestionably been due to cortico-adrenal 
tumors and in not a few instances, indeed, such a tumor has been removed at 
operation with definite amelioration of symptoms. What is more, in similar 
states, suprarenal tumors have been found after death in the absence of any 
recognizable abnormality in the pituitary body, though all too often the 
protocol refers to the examination of this structure either in the briefest terms 
or not at all. While there is every reason to concede, therefore, that a dis- 
order of somewhat similar aspect may occur in association with pineal, with 
gonadal, or with adrenal tumors, the fact that the peculiar polyglandular 
syndrome, which pains have been taken herein conservatively to describe, may 
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accompany a basophil adenoma in the absence of any apparent alteration in 
the adrenal cortex other than a possible secondary hyperplasia, will give pa- 
thologists reason in the future more carefully to scrutinize the anterior- 
pituitary for lesions of similar composition.” 

We find ourselves in complete agreement with this position. The answer 
to the question of dominance must wait, it would seem, until the hormones 
of the hypophysis and those of the suprarenal cortex have been isolated in 
satisfactory purity and in sufficient amounts so that the spontaneous disease 
can be reproduced experimentally. In the meantime, the following conclu- 
sions may serve as a guide in treatment: 

In our experience, cortical adenoma and hyperplasia of the suprarenal 
cortex are encountered in a large percentage of cases in which is present the 
peculiar syndrome described herein. Removal of the adenomas is highly 
beneficial, and reduction of the mass of cortical tissue in cases in which there 
is bilateral suprarenal hyperplasia may be helpful, as is the analogous reduc- 
tion of diffuse hyperplastic thyroid tissue in exophthalmic goitre and of hy- 
perplastic parathyroid tissue in hyperparathyroidism as described by Albright, 
Churchill and Castleman.’ The suprarenal glands can be explored with very 
little surgical hazard; therefore, it seems that this ought to be done in all 
cases in which the syndrome in question is encountered and a positive differen- 
tial diagnosis cannot be made. If a cortical tumor is found, it should be 
removed. If the suprarenal tissue is hyperplastic, its mass may be reduced 
by resection, with later treatment of the hypophysis by Rontgen-rays. This 
we believe to be a better plan than to reverse this procedure and to depend 
primarily on treatment directed at the hypophysis. Treatment of the hy- 
pophysis by Rontgen-rays was ineffective in controlling the syndrome in one 
case in which a basophilic pituitary adenoma was present, had no effect in the 
other case, in which a pituitary tumor is suspected, and cannot be expected 
to help in cases in which suprarenocortical adenoma is present. 


SURGICAL CONSIDERATIONS 


We have found the lateral, posterior lumbar incision, the patient lying on 
the side, to be a satisfactory method of exposing a suprarenal gland. The 
incision is similar to that used in approaching the kidney, and, with the kid- 
ney retracted downward, excellent exposure ot the suprarenal gland is ob- 
tained, permitting performance of whatever surgical procedure is indicated. 
This approach has the advantage of avoiding opening the general peritoneal 
cavity; thus, it carries reduced surgical hazard. Its disadvantages, as com- 
pared with the transperitoneal abdominal approach, are that it is impossible 
to compare the two suprarenal glands simultaneously, and that a little delay is 
caused by the necessity of changing the patient from one side to the other 
in order to expose the opposite suprarenal gland. Whichever incision is 
chosen, in female patients, the ovaries should be examined by palpation after 
an opening has been made in the peritoneum. This is to determine the pres- 
ence or absence of ovarian tumors, such as arrhenoblastomas, described by 
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Meyer! *° and Strassmann” and by Taylor, Wolfermann and Krock,*® and 
which is reputed to impart masculine characteristics to women. Other ad- 
vantages to opening the peritoneum for intra-abdominal exploration are to 
examine the liver for metastasis and to determine where aberrant pathological 
suprarenal tissue may be present, as reported by Kolodny." 

A serious but controllable hazard accompanies resection of hyperfunction- 
ing tumor of the suprarenal cortex. Such a tumor, it may be supposed, takes 
over the principal part of the production of cortical hormone, placing what 
normal cortical tissue is present in a condition of physiological desuetude. 
Actual atrophy may follow, as in Cases II and V, in which the opposite 
suprarenal gland appeared to be extremely small. When the tumor is re- 


TABLE 


Summary of Cases 


Suprarenal glands at Pituitary body at 
Case Operation Necropsy Necropsy Clinically Result 
I Carcinoma Normal Local recurrence 
II Carcinoma Normal Living, symptoms 
dispelled 
III Carcinoma Normal Improving (?) 
IV. Carcinoma(?) Bilateral Not exam- Normal Died at home; 
hyperplasia (?) ined necropsy 
Carcinoma Carcinoma Normal Normal Died post-operatively 
VI Notoperated Bilateral Normal Normal Dead; necropsy 
on hyperplasia 
VII ‘Bilateral Bilateral Normal Normal Died post-operatively 
hyperplasia hyperplasia 
VIII Bilateral Normal Improving (?) 
hyperplasia 
IX Normal Notexamined Basophilic Normal Died 
adenoma 
X Normal Enlarged sella Living 


turcica; 
eroded poste- 
rior clinoid 
processes 


moved, the functionally indolent or atrophied cortical tissue remaining proves 
incapable of supplying an amount of hormone necessary for life, with the 
result that symptoms of temporary cortical insufficiency develop, as was 
observed after operation (Case I and also Case V). An entirely analogous 
complication has been met by those who have removed hyperfunctioning 
tumors of the parathyroid bodies in cases of hyperparathyroidism. The con- 
centration of serum calcium in these cases, previously elevated above normal, 
drops precipitately after operation to levels below those necessary to prevent 
tetany, and unless corrective measures are resorted to, the patient may die. 
However, if the patient can be sustained for a period, the remaining indolent 
parathyroid tissue seems to resume activity and to provide what hormone is 
required. The cortical insufficiency following resection of cortical tumors of 
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the suprarenal glands can be combatted effectively by injections of cortical 
hormone and treatment with salt and water as recommended by those who 
have been developing the treatment of Addison’s disease. 

SuMMARY.—The records of ten cases in which the suprarenal cortical 
syndrome was present, are reviewed. (See Table I.) In the past two years, 
since the advent of active preparations of the cortical hormone, eight pa- 
tients have been operated on, with one operative death from apparently acci- 
dental cause. There was one non-operative death (Case VI). In the tenth 
case, in which operation was performed in 1924, the patient died of what 
appeared to be suprarenal insufficiency. This fatality might have been pre- 
vented had active suprarenal cortical hormone been available for temporary 
use. In five of the cases, suprarenal tumors were encountered; in three, 
diffuse hypertrophy and hyperplasia, and in two, suprarenal glands of normal 
appearance. Surgical removal of the tumors was followed, in three cases, 
by rapid return to normal of previously abnormal physical metabolic condi- 
tions. Two patients with tumor died. The pituitary and pineal bodies of one 
of these patients were not examined, of the other, they were examined and 
found normal, although serial sections of the pituitary body were not made. 
Necropsy in two of the three cases of diffuse hypertrophy and hyperplasia did 
not reveal (in one case operation not performed) abnormality of the pitui- 
tary body or ovaries. The patient in the third case of hypertrophy and hyper- 
plasia recently has been operated on, and is in good condition; the rontgeno- 
gram of the sella turcica is normal. In one of the two cases in which the 
suprarenal glands were of normal appearance at operation, the patient died at 
home several months after operation. Post-mortem examination of the 
pituitary body, by Robertson and Kernohan, revealed a basophilic adenoma. 
The patient in the other case is living; the rontgenogram of the sella turcica 
discloses distortion suggestive of pituitary tumor. It would seem, from this 
experience, that surgical exploration of the suprarenal glands is advisable 
whenever the syndrome is encountered unless definite evidence of pituitary 
tumor is present. The hazard attending removal of tumors, or resection of 
large portions of hyperplastic suprarenal glands has been reduced to a 
minimum. 

FOUR CASES OF ADENOMA OF THE SUPRARENAL GLAND 

CasE I.—A married woman, twenty-five years of age, had always been well until 
the onset of the illness for which she came to the clinic. She was referred, August 28, 
1933, by Dr. W. P. Freligh, of Albert Lea, and Dr. J. J. McGroarty of Easton, Minn., with 
the diagnosis of an affection of the suprarenal glands. The woman had been examined 
for life insurance in December, 1932, and had been accepted. The blood-pressure then 
had been normal, but menstrual flow had diminished in amount and duration; two months 
before we saw the patient menses had ceased. Her weight had increased in the past 
year from 145 to 165 pounds (sixty-six to seventy-five kilograms). The extra fat affected 
the face, neck and trunk, whereas the legs and arms remained unchanged in contour. 
In this period, also, hair had begun to grow on the lips, cheeks, arms and legs, whereas 
previously the patient had had very little body hair. The general appearance had changed 


to such an extent that friends had failed to recognize the patient. (Fig. 1a.) She 
complained, in addition, of great loss of strength, of an acneform eruption of the face 
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SUPRARENAL CORTICAL SYNDROME 
and of bruising easily. Increased thirst, with polyuria, had been present for two or 
three months. 

The face was full and round, and the body fat was distributed as described. The 
shoulders were rounded, largely because of fat in the upper thoracic region. The blood- 
pressure was 180 millimetres of mercury systolic and 120 diastolic. Long, fine hair 
grew over the face, arms and legs. The skin was dry; that of the face was highly colored 
and mottled. Acne was present on the face and thorax, and atrophic, purplish striations 
affected the thighs and lower part of the abdomen. One specimen of urine contained 1.08 
per cent. or sugar; the value for blood sugar, fasting, was eighty-two milligrams per 100 


Fic. 1.—(Case I.) (a) Appearance of patient September 1, 1933. A tumor of the right suprarenal 
gland was removed September 11, 1933. (b) Appearance of patient March 14, 1934. (c) Appearance 


of patient May 29, 1934, when tumor had recurred. 

cubic centimetres. The basal metabolic rate was +1 per cent. The sella turcica was nor- 
mal réntgenologically, and the perimetric fields were normal, The value for hemoglobin 
was slightly elevated, 17.5 grams. per 100 cubic centimetres but the erythrocyte count 
was normal. There was slight osteoporosis of the spine. On intravenous urogram re- 
vealed the pelvis of the right kidney to be rotated outward and displaced downward, sug- 
gesting an overlying tumor. 

It was decided that the suprarenal glands should be explored. This was done 
September 12, and a yellowish, soft, friable, encapsulated mass, ten to 12 centimetres in 
diameter, was found in the place of the right suprarenal gland, and extending as high as 
and attached to, the diaphragm. The tumor was so friable that it had to be removed 
piecemeal. (Fig. 2.) It was removed, except for a very minute portion attached to the 
vena cava. This was crushed with clamps. Examination of the tissue showed it to be an 
adeno-carcinoma containing tissue of cortical origin. (Fig. 3.) 

The patient continued to bleed rather profusely from the operative site and was 
taken to the operating room, the incision was opened, and the generalized oozing was 
controlled by gauze packs and transfusion of blood. A few hours after operation, 
symptoms developed suggesting cortical insufficiency. Accordingly, the patient was 
treated with cortical hormone, infusions of solution of sodium chloride, and transfusion 
of blood. 

March 21, 1934, the patient weighed 147 pounds (sixty-seven kilograms) and her 
appearance, her friends told her, was as it had been before her illness. The excessive 
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hair had disappeared, and the blood-pressure was normal. Menstruation had returned and 
recurred regularly. Her former strength had not been regained entirely and some acne 
persisted. (Fig. 1b.) 

May 11, 1934, the patient returned to the clinic, stating that in the past three or four 
weeks there had been a return of symptoms, weakness, palpitation, increased appetite, 
and a gain of six pounds (2.7 kilograms). The last menstrual period was on April 3. 
A purplish color had returned to the striz. 

On physical examination a mass, approximately 12.5 centimetres in its greatest 
diameter and ten centimetres in its lesser diameter, was found in the right portion of 
the middle zoue of the abdomen. The blood-pressure was 180 systolic and 120 diastolic. 
The face was a little fuller. Metastatic growths were not felt on pelvic examination 
nor in the pouch of Douglas. The patient was sent for post-operative R6ntgen therapy. 


Fig. 2.—(Case I.) Tumor of right suprarenal gland; it was Fic. 3.—(Case I.) Section of the 
friable and became fragemented as removed. tumor. 


Case II.—A girl, aged nine years, was referred to us in September, 1933, by Dr. 
O. S. Ely, of St. Paul. There was nothing significant in the family history. Birth and 
development had been normal, and the patient had been a healthy child until the onset 
of the present difficulty for which she was brought to the clinic. When the child was 
four years of age, the mother had observed unusual development of the breasts, generalized 
growth of hair over the body, and deepening and coarsening of the voice. A year later 
the pubic hair had become abundant and the external genitalia had developed abnormally. 
At eight years of age the child had menstruated for four days, and afterward there had 
been some menstrual spotting at intervals of about two months. The mentality and 
personality had undergone no great changes, but the child seemed to spend most of her 
time at home and to shun the company of other children. In her selection of companions 
she showed no preference for members of either sex. She was in the fifth grade at school 
and was doing well with her lessons. 

At examination the child apparently was placid, her features suggesting an age 
considerably greater than her actual age. Her height was fifty-three inches (134.6 
centimetres) which was well within the normal range for girls nine years of age, but 
her weight was 103 pounds (forty-seven kilograms), about thirty-six pounds (sixteen 
kilograms) more than the normal for her sex, age, and height (according to Bolwin, 
Wood tables, American Health Association). The most striking abnormalities were: 
(1) obesity affecting principally the trunk, neck and face; (2) hypertrichosis of the face 
and body, especially prominent in the axilla and on the mons veneris; (3) purplish, 
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atrophic striations over the abdomen, thighs, and buttocks; (4) additional development 
of the breasts and external genitalia; and (5) acne of the face and trunk. (Fig. 4a.) 

The blood-pressure in millimetres of mercury was 132 systolic and 97 diastolic. 
Urinalysis gave negative results. The basal metabolic rate was —20 per cent. The con- 
centration of hemoglobin was 17.2 Gm. per 100 cubic centimetres. Erythrocytes num- 
bered 4,620,000 and leucocytes 8,400 per cubic millimetre of blood. The sella turcica 
appeared normal, and no thymic shadow was observed on r6ntgenological examination. 
Development of the bones was commensurate with that of a child aged twelve years. 
The response to the test for glucose tolerance was normal, but one specimen of urine 
obtained before the test had slight reducing power. The concentration of serum phos- 
phorus was 4.1 milligrams per 100 cubic centimetres; the value for phosphatase was 


normal. The concentration of serum calcium was 10.9 milligrams, and 11.7 milligrams 


Fic. 4.—(Case II.) (a) Appearance of patient November 14, 1933. A tumor of the cortex of 
the left suprarenal gland had been removed October 31, 1933. The effect was not apparent when 
this photograph was made. (6) Appearance of patient March 14, 1934. 


per 100 cubic centimetres. The outlines of the kidney in the intravenous urogram were 
normal. 

Surgical exploration was performed in October, 1933. The right suprarenal gland 
was about half the usual size. A section removed for microscopical examination was 
normal histologically. The position of the left suprarenal gland was occupied by a large, 
encapsulated tumor measuring six by four by two centimetres, a portion of which pro- 
jected into an enlarged suprarenal vein. The tumor was completely removed and was 
found to be a cortical adenoma. 

Cortical hormone, 21 cubic centimetres, was administered during the first six days 
after operation. There was some fever for twelve days, but otherwise the post-operative 
period was uneventful. 

Within three weeks the weight had fallen, and the excessive hair was beginning to 
disappear. Later, the skin became smooth, the voice became pitched higher, and the 
breasts and external genitalia became smaller. Also, the child began to be more playful, 
and instead of wanting to be at home with her mother, as before, she now preferred to 
associate with other children. Her appetite was reduced, and, indeed, the patient became 
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rather finicky in the choice of her food. There has been no menstrual flow of any kind 
since the operation, and that part of the hair of the head which has grown since operation 
is lighter in color and finer than the old hair. 

Examination, March 31, 1934, showed the weight to be seventy-two pounds (thirty- 
three kilograms) which represented a loss of thirty-one pounds (14 kilograms). The 
blood-pressure was ninety-eight millimetres of mercury systolic and sixty-two diastolic, 
The basal metabolic rate was —9 per cent. The skin of the face was somewhat redundant, 
as a result of the loss of weight, but was otherwise clear and healthy in appearance. The 
proportions of the body were normal except that the breasts, although smaller, were stil] 
of the adult type, and breast tissue was palpable. The face, back, and extremities were 
hairless, and only a few hairs were left on the thorax. The genitalia were still of almost 
adult size, but the clitoris was definitely smaller than it had been. 

Case III.—An unmarried woman, 
aged thirty-nine years, in December, 
1933, complained of fullness in the 
epigastrium, but on December 18 she 
noted that she had increased thirteen 
pounds (5.9 kilograms over her usual 
normal weight). There appeared to be 
swelling of the legs, face and hands, 
and an acneform eruption appeared on 
the face. The hair of her scalp began 
to fall out. The skin became dry. 
However, during this time she noted 
hair appearing on her legs and on her 
chest. February 20, the patient had 
gained ten pounds (4.5 kilograms) 
over a short period, and April 5 she 
gained three pounds (1.4 kilograms). 
There had been gradual, persistent 
weakness since the onset of her 
symptoms. 

physical examination, a 
marked, acneform, papillary eruption, 
with comedones, was noted on the 
face. (Fig. 5.) She was not particu- 
larly obese. The face appeared swollen. 
There was an increase in the amount 
of hair on the face. Hair was noted 
on the chest, around the nipples, on 


Fic. 5.—(Case III.) Appearance of patient on 
admission to clinic in April, 1934, aged thirty-nine the legs and thighs, as well as in the 


years. An encapsulated tumor of the left suprarenal 


gland was removed April 27, 1934. mid-abdominal region. The _ breasts 


were underdeveloped. The clitoris was 

normal. The blood-pressure gave evidence of hypertension; the systolic pressure varied 
from 162 to 170 millimetres and the diastolic, from 102 to 104; the pulse rate was 102 
beats per minute. R6ntgenograms of the head, chest, and lumbosacral portion of the 
spinal column were practically normal, except for evidence of slight osteoporosis of 
the lumbosacral portion. The urine, basal metabolic rate, and values for blood urea, 
sugar, chlorides, serum calcium and phosphorus were normal. Sugar tolerance was normal. 
Operation was performed April 27, 1934, and an encapsulated tumor of the left supra- 
renal gland, 2.7 by 2 by 1.5 centimetres, weighing 5.4 Gm., was removed. (Fig 6.) 
Microscopical examination of the tumor revealed it to be an adenocarcinoma grade I. 
Following operation the patient was given “Eschatin,” and saline solution was in- 
jected intravenously; the woman appeared to be making an uneventful convalescence. 
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SUPRARENAL CORTICAL SYNDROME 


After dismissal from the hospital, she complained of weakness, anorexia and vomiting. 
May 23, twenty-six days after operation, jaundice appeared and the liver was found to 
be enlarged. The value for serum bilirubin was seven milligrams for each 100 cubic 
centimetres of blood, and the van den Bergh reaction was direct. Bile was present in the 


urine and feces. One week later the value for serum bilirubin rose to 12.5 milligrams 


and the liver had become further enlarged. 

Under treatment with intravenously injected solution of glucose and saline, the 
jaundice gradually disappeared and the liver decreased in size. At the time of the 
patient’s dismissal, June 27, 1934, the value for serum bilirubin was normal, her face 
had largely regained its normal contours, and the comedones had decreased at least half 


(b) Section of the tumor. 


Fic. 6.—(Case III.) (a) Encapsulated tumor of left suprarenal. 


in size and number. The blood-pressure was 130 millimetres of mercury systolic, and 
seventy-six diastolic. The woman’s strength was improving. 

Case IV.—The patient, aged thirty years, was referred to the clinic by three phy- 
sicians of Spokane, Washington: Drs. John T. Bird, Charles M. Anderson, and R. rE. 
Stier. The woman suffered from profound muscular weakness of the trunk and all four 
extremities. She had been well until two months before admission, when she had become 
exceedingly weak, and hair had begun to grow on her face. Her face had changed in 
color. At about the same time, sugar had appeared in the urine. Within one month after 
the onset of her illness, she had become bedridden because of weakness and swelling of 
her legs. She had lost twenty-five pounds (11.3 kilograms). Suddenly, her menses, 
which heretofore had been regular, practically had ceased. Before her admission to the 
clinic she had been treated, without success, with insulin and various preparations of the 
endocrine glands. 

The patient’s face was florid and fat. Her chin and upper lip were hairy. The tis- 
sues of her neck and face were putty-like and loose, but did not pit on pressure. The 
muscles of the lower extremities, shoulder girdle, and trunk were weak almost to the point 
of paralysis. However, power of the muscles of the forearm was only slightly reduced. 
She was unable to support her own weight, to turn over in bed, or to elevate her arms to 
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comb her hair. The liver was enlarged to about one palms breadth (approximately 
eight centimetres) below the level of the costal margin, and pitting oedema was present 
from the toes to about the level of the eighth thoracic vertebra. The tendon reflexes of 
all the extremities were absent except those of the triceps brachii and jaw. The blood- 
pressure was 118 millimetres of mercury systolic, and seventy diastolic. The only other 
findings of note were slight secondary anemia, and glycosuria and hyperglycemia of 
high grade. The consulting neurologist believed the muscular paresis to be the result 
of a disturbance of metabolism rather than of any of the known forms of myopathy, or 
of lesions of the nervous system. Normal spinal fluid supported his interpretation. 
R6ntgenograms of the sella turcica were not made. The ocular fundi were normal. 

We felt that the patient probably had a carcinoma of one of the suprarenal glands, 
with extension by way of the renal vein to the vena cava. The left suprarenal gland 
was explored April 26, 1932, and a tumor 2.5 by 5 by 1 centimetre, involving the entire 
left suprarenal gland, was removed. Microscopically, this tumor was interpreted to be 
a carcinoma of the suprarenal gland, although the pathologist noted that it resembled a 
primary hepatic-cell carcinoma. Convalescence was rather stormy. Signs of post-opera- 
tive suprarenal deficiency appeared, and were controlled by administration of “Eschatin.” 
The diabetes became difficult to treat because of instability of the concentration of blood 
sugar, with its attendant insulin reactions. The daily requirements for insulin suddenly 
dropped from sixty-five units to ten units. The patient was dismissed from the clinic and 
died at home about six weeks after operation. 

The outstanding findings at necropsy, as reported by Doctor Stier, were carcinoma 
of the entire head of the pancreas, with metastatic nodules in the peritoneum and over 
the dome of the diaphragm. The lesscr omental cavity was filled with involved lymph- 
nodes. The liver was almost completely replaced by tumor tissue. At the site of the 
previously removed suprarenal gland there was no evidence of tumor or of suprarenal 
gland. The portal vein appeared as a rope-like mass which was completely filled with 
tumor tissue resembling the carcinoma in the pancreas. The right suprarenal gland was 
almost identical in size and color to the left, which had been removed at operation, and 
the histological pictures of the two glands were identical. Neither the pituitary gland nor 
the thyroid gland was examined. 


A CASE OF CARCINOMA OF THE SUPRARENAL GLAND 


Case V.—A married woman, aged thirty-seven years, the mother of ten children, 
was admitted, February 7, 1923, complaining of goitre, weakness, and skin trouble. 
Since her last pregnancy, three years before, she had not menstruated. Two years before 
her admission, the patient had noticed an enlargement in the thyroid gland; since that 
time it had increased but slightly. Hcwever, moderate nervousness, occasional tremor, 
intermittent attacks of precordial pain, and a jerking sensation in the heart had been 
noted. Intolerance to heat, perspiration, fatigue, and dyspnoea, with choking sensations, 
all brought out on moderate exertion, had been troublesome. Her appetite had increased, 
and she had gained thirty pounds (13.6 kilograms), but in spite of this she had lost 
strength and vigor. The patient complained of a slight mental dullness. 

Eighteen months before her admission, blotchy erythrema had appeared over the 
shoulders and chest, followed by a papular, and later by a pustular, eruption. The skin 
had become oily, and numerous blackheads had appeared in association with the pustules. 
This acneform eruption had spread gradually over the entire body, with the exception 
of the hands and feet. Six months after the onset of the cutaneous lesion, the hair of 
the face, arms and chest had begun to increase in amount. This hirsutism had become 
so excessive that the patient recently had been forced to shave the face, and as the body 
hair had increased in amount, that of the scalp had become thin. 

For the preceding year the patient had been troubled with a salty taste in her mouth, 
and six months before admission a form of stomatitis had developed. The voice had 
become increasingly coarse for more than a year. During this time the patient also had 
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SUPRARENAL CORTICAL SYNDROME 


suffered from a dull, aching pain in the back, which had been made worse by stooping 
or exercise. 

At the time of examination, the patient weighed 130 pounds (fifty-nine kilograms) 
and was apparently well nourished. The skin immediately impressed the observer with 
its oiliness. Distributed over it with fair uniformity were papules, encrusted pustules, 
and numerous comedones ; these were generally surrounded by an area of dull erythema. 
A marked degree of hypertrichosis of the face, chest and limbs was noted. The hair of 
the head was coarse and stringy, and diffuse alopecia was present. The thyroid gland 
was definitely enlarged, with a small, firm adenoma in the lower pole on the right side ; 
aside from rales in the bronchi, and réntgenological evidence of old tuberculosis at the 
apex of the right lung, examination of the chest gave negative results. The abdomen 
was diffusely tender, and a smooth mass was palpable below the left costal margin, 
anteriorly. The urine contained a moderate amount of albumin, and sugar was present 
in the twenty-four-hour specimens, in amounts varying from 5.9 to 6.5 Gm. Examina- 
tion of the blood revealed hemoglobin, 80 per cent. (Dare) ; erythrocytes, 5,290,000, and 
leucocytes 12,900 per cubic millimetre, with normal differential count. The value for 
blood sugar was from 0.111 to 0.143 milligrams per 100 cubic centimetres. The concen- 
tration of blood urea was normal. The blood-pressure ranged from 124 systolic and 90 
diastolic to 180 systolic and 110 diastolic. The pulse rate varied from 100 to 130 beats 
per minute, and the temperature from 98° to 100° Fd R6éntgenograms revealed a normal 
sella turcica. The basal metabolic rate varied from +15 to +98 per cent. 

Exploration was made, February 28, 1923, through a left oblique incision. A large 
tumor was separated from the left kidney and removed between clamps. The tumor was 
about twenty-five centimetres in diameter. The patient recovered well from the anzs- 
thesia, but within twenty-four hours elevation of pulse rate and temperature, and onset 
of drowsiness ensued. A low, indeterminate systolic blood-pressure was noted. This 
continued for twenty-four hours, during which time a transfusion of citrated blood was 
given. This was followed by a slightly favorable reaction. The blood-pressure 
continued low; the pulse and temperature, elevated. Epinephrine was given sub- 
cutaneously and by rectum. On the fourth day, the patient went into coma and died 
after several hours of unconsciousness. The tumor removed at operation corresponded 
closely with those described by Glynn and others as malignant suprarenal hypernephromas. 
At necropsy, hypoplasia of the right suprarenal gland, early hemorrhagic broncho- 
pneumonia, terminal acute hepatitis, and nephrosis, were observed. The habitus was 
that of a male. Acne, and hemorrhagic fat necrosis in the pancreas also were noted. The 
follicles of the thyroid gland were distended with colloid, and the epithelium was 
flattened. The pituitary and pineal bodies and the ovaries were normal. 


THREE CASES OF HYPERPLASIA OF THE SUPRARENAL GLAND 


Case VI.—A woman was referred to us by Dr. W. F. Baillie, of Fargo, N. D. She 
came to the clinic first in 1914( aged twenty-eight years, because of a hyperfunctioning 
adenomatous goitre for which she underwent operation. Following operation she remained 
well until 1924, except for attacks of abdominal pain necessitating, elsewhere, in 1921, 
appendectomy and drainage of the gall-bladder. She returned to the clinic in 1924, when 
aged thirty-eight years, because of recurring hyperthyroidism. In the meantime she had 
been married and had borne one child, who was then aged six. The left lobe of the 
thyroid gland was resected. The basal metabolic rate at the time of dismissal was — 7 
per cent. 

Following this visit she remained well until 1928, when she again returned to the 
clinic because of further gall-bladder colic, necessitating cholecystectomy. (Fig. 7a.) At 
this time her weight was 215 pounds (97.5 kilograms), the blood-pressure was 150 sys- 
tolic and go diastolic, and the basal metabolic rate—14 per cent. 

The woman remained well until the onset of her last illness, which began rather sud- 
denly in April, 1932, three months before her last admission to the clinic. She had not 
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been pregnant again. She stated that she had always had a slight growth of hair on the 
face, but that it had been insignificant until about three months before admission, when 
the hair had grown rapidly and daily shaving had become necessary. At the same time, 
her face had become fat and florid. Two months before admission, after an attack of 
influenza characterized chiefly by diarrhoea, her health had begun to fail rapidly. Intense 
glycosuria had appeared, and symptoms suggesting hyperthyroidism had developed. Her 
menstrual periods had ceased with the onset of her illness. Her weight rapidly had 
decreased from 240 to 208 pounds (108.8 to 94.3 kilograms). Her legs had become ex- 
ceedingly weak. Her constant complaint, after the illness had become well established, 
was that her “head felt funny” and that her vision blurred. 

As in the preceding cases, the woman’s face was round, hairy, and dusky red. (Fig, 
7b.) She was unable to support her own weight because of weakness of her legs. Her 
skin was warm and moist. There was a fine tremor of the fingers. The tissues of the 
neck hung in loose folds. The thyroid gland could not be felt. The pulse was of the 


Fic. 7.—(Case VI.) (a) Appearance of patient in 1928, aged forty years. (b) Appearance of 
patient on admission to clinic in 1932, aged forty-five years. Died two months later. Necropsy 
revealed hyperplasia of suprarenal glands and a normal pituitary body. 
water-hammer type, and at times there was a marked capillary pulse. The legs were 
slightly cedematous. The ‘blood-pressure averaged about 176 systolic and 80 diastolic. 
The retinal arteries were slightly narrowed, the veins slightly full, the discs normal. 
There was a small hemorrhage below, and nasal to, the left disc, and a small amount of 
exudate inferotemporal to the right disc, thought to be associated with diabetes or hyper- 
tension rather than with any intracranial lesion. The perimetric fields were normal, and 
the sella turcica was normal to réntgenographical examination. Besides the unusual 
physical findings, there was evidence of unusual metabolic disturbance; namely, spon- 
taneous, persistent alkalosis associated with low concentration of the chloride ions in the 
blood, unusually low total blood volume, and arterial and venous blood of inexplicably 
low oxygen content. The diabetes was intense. At times mild tetany was present. 
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Cortical tumor of one of the suprarenal glands was considered as the most likely 
diagnosis. Owing to the unusual features of the condition, we were reluctant to 
recommend surgical] exploration. It was decided to give a course of ROntgen treat- 
ment to the hypophyseal region, and if her condition improved to repeat the treatment 
in a month. If her condition did not improve, we could then consider exploration of 
the suprarenal glands. One course of R6ntgen therapy was followed by some sub- 
jective, but temporary, improvement. The woman shortly began to fail rapidly, and 
finally she died about two months after admission. 

Necropsy disclosed a normal pituitary gland, both grossly and on microscopical 
examination of serial sections with special stains. Both suprarenal glands were enlarged 
and hyperplastic, and their combined weight was forty-nine Gm. A thymic tumor, about 
five centimetres in diameter, was present. There was a small abscess of the pancreas, 
which communicated through several tracts with the duodenum. The thyroid gland 
was identical histologically with the specimens obtained at operation; namely, there 
were multiple, degenerating, colloid and fcetal adenomas in a colloid thyroid gland, 
with intra-adenomatous parenchymatous hypertrophy, graded 2. The ribs broke easily 
between the fingers. 

Case VIII.—An unmarried woman, thirty-two years of age, a stenographer, came 
to the clinic January 15, 1934, with complaints of nervousness and irritability of several 
years duration. Slight abrasions of the shins would fail to heal for months. Menses 
never had been regular, but for the past six months menstruation had ceased altogether. 
During the past year the patient had had a ravenous appetite, and had gained twenty-five 
pounds (11.3 kilograms). A beard had grown on her face, so that she had resorted 
to shaving. 

Examination revealed that the excess of fat was confined to the trunk and face 
and spared the extremities. The abdomen was protuberant, and there was a conspicuous 
prominence over the upper thoracic and cervical portions of the spinal column, due 
apparently to a pad of fat. The face was definitely broadened. Coarse, dark hair was 
distributed over the chest, abdomen and thighs. The face had been shaved. The skin 
was dry and rather dusky, and atrophic striations were present over the thighs and 
lower part of the abdomen. These were bluish. The thyroid gland was slightly 
enlarged, soft, and symmetrical. The blood-pressure in millimetres of mercury was 168 
systolic and 118 diastolic. The basal metabolic rate, in one determination, was —15 
per cent. The value for hemoglobin was 15.4 Gm. per 100 cubic centimetres of blood 
and erythrocytes numbered 4,460,000 per cubic millimetre. The urine was free of 
sugar by the qualitative Benedict test. The concentration of blood sugar was not 
determined. Osteoporosis of the thoracic portion of the spinal column was noted at 
rontgenological examination. The value for serum calcium was 10.0 milligrams per 
100 cubic centimetres, and for serum phosphorus 2.7 milligrams per 100 cubic centimetres. 

Bilateral surgical exploration of the suprarenal glands disclosed that both were 
definitely enlarged. Portions removed for microscopical examination seemed normal 
histologically. Convalescence from the operation was uneventful until the tenth day, 
when it became complicated by mild parotitis. Tonsillitis followed; then extensive 
cervical cellulitis with pneumonia, and the patient died. 

At necropsy, the hypophysis was removed and was examined by serial sections. 
It did not contain adenomas. The combined weight of the two suprarenal glands 
was 35 Gm., estimated to be more than twice normal. There were two small, cortical 
adenomas in the left suprarenal gland, measuring respectively three and four millimetres 
in diameter. These are of questionable significance. The thymus was atrophic and was 
replaced by fat. The heart weighed 345 Gm. The ovaries were small and sclerotic. 
They contained small cysts. 

Case VIII.—A married woman, aged thirty years, presented herself August 5, 
1933, complaining of swelling of the feet and legs, sugar in the urine, some diminution 
of vision, and myopia. The blood-pressure was 150 millimetres of mercury systolic and 
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100 diastolic. R6ntgenological examination of the sella turcica gave negative results. 
The urine contained a trace of sugar. The value for blood sugar was 154 milligrams 
per 100 cubic centimetres. 

January 10, 1934, the woman returned, and at this time the basal metabolic rate 
was —4 per cent. The face had taken on the moon-shaped, downy appearance of 
patients with the cortical adrenal syndrome. Her blood-pressure was 150 systolic and 
ninety diastolic. A diagnosis of suprarenal cortical syndrome was made, and cortical 
hyperplasia, rather than tumor, was suspected. 

May 22, 1934, bilateral exploration of the suprarenal glands through posterolumbar 
extraperitoneal incisions revealed enlargement of both glands, each of which measured 
approximately seven centimetres in length, 3.5 centimetres in width, and about eight 
millimetres in thickness. Suprarenal tumors were not seen or felt. A portion of the 
left suprarenal gland, two centimetres in diameter, and a portion of the right suprarenal 
gland, three by two centimetres, were removed. Microscopical examination revealed 
hyperplasia of suprarenal tissue. Post-operative convalescence was normal. The 
patient regained strength. Her blood-pressure returned to normal, 124 millimetres of 
mercury systolic and sixty-two diastolic. Much of the swelling of the face, and the 
acne disappeared. The urine became sugar-free without insulin, and remained so even 
after the diet had been increased to 250 Gm. of carbohydrate, and later, when no dietary 
restrictions were imposed. The values for carbon dioxide combining power and plasma 
chlorides became normal and the potassium content increased markedly. 


A CASE OF BASOPHILIC ADENOMA OF THE PITUITARY 


CasE I1X.—The patient was a woman, aged thirty-four years. Until the illness 
for which Dr. D. D. Lyon, of Olympia, Wash., referred her to the clinic September 5, 
1932, she always had been robust and athletic. Her menses, which had begun at the 
age of twelve years, had remained normal until March, 1930, when they rather suddenly 
had ceased. Following removal, elsewhere, of both oviducts and part of one ovary, 
menses had become reéstablished for about a year. In February, 1932, menstruation 
had ceased again. Four years before her admission to the clinic her appearance had 
begun to change. She had grown stout, and hair had begun to appear on her face. 
She thought that she was becoming round-shouldered. Simultaneously, her health had 
begun to fail. She had suffered from headaches, abdominal colic, palpitation of the 
heart, a sense of retrosternal pressure, and her legs had become weak. She had bruised 
easily, and hemorrhagic areas often had appeared on the skin, even though she did 
not injure herself. Her feet and legs had begun to swell. In the course of four years, 
her appearance had changed to such an extent that her friends no longer had recognized 
her. A few weeks before her admission to the clinic, after a slight injury, she had 
begun to have intense backache, with pain referred across the lower part of the 
abdomen. 

On examination, the buffalo type of obesity was obvious. The face was florid, 
and telangiectasis was present over the cheek bones. A beard would have been present 
had the hairs not been plucked. Numerous areas of ecchymosis were present on the 
extremities. When the blood-pressure was taken, petechie appeared on the arm above 
where the cuff had been applied. There were a few strie on the abdomen, which was 
protuberant. The legs were moderately cedematous. The blood-pressure was 160 
millimetres of mercury systolic, and 118 diastolic. Slight amounts of sugar and 
albumin were present in the urine. The sella turcica was normal. The perimetric 
fields likewise were normal. The retinal arteries were generally constricted, and slight 
sclerosis of hypertension type was present. Rontgenograms gave evidence of a com- 
pression fracture of the eleventh thoracic vertebra, and of gibbus. At operation, January 
4, both suprarenal glands appeared to be essentially normal. Nevertheless, it was 
thought best to remove about half of each gland. The excised tissue was essentially 
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normal to microscopical examination. One course of Rontgen therapy has been given 
to the thymic and pituitary regions. 

The patient died of bronchopneumonia at her home, January 6, 1934. Permission 
for a limited post-mortem examination was secured by her physician, who sent the 
pituitary gland to the clinic for examination. Serial sections of it were made, revealing 
a basophilic adenoma five millimetres in diameter. 


A CASE OF QUESTIONABLE PITUITARY TUMOR 


Case X.—A woman, a Russian Jewess, aged twenty-seven years, was referred to 
the clinic, September 5, 1932, by Dr. Richard J. Gordon, of Chicago. The patient had 
never been married. Until the onset of the illness which brought her to the clinic, she 
had enjoyed good health. Her menstrual periods had been somewhat irregular, but 
otherwise normal. Four years before she came to the clinic, coarse black hair had 
begun to grow on her face, and a heavy growth of hair over the rest of the body. 
A year later the beard had become so pronounced that she had had it removed by 
electrolysis. She had increased in weight and decreased in height. Her general health 
had remained good, however, until about a year before she came to the clinic. During 
this year her feet and ankles had begun to swell, and she had complained of weakness. 
On her arrival at the clinic, her chief complaints were of weakness and concern over 
the changes which had occurred in her appearance. 

The face was broad, fat, florid and hairy. The large abdomen, with its purplish 
strie, contrasted sharply with the thin legs and arms. There was an extensive growth 
of hair on the back, legs and buttocks. Other outstanding features were marked hyper- 
tension, osteoporosis of the skull and spinal column, reduction of the total volume of 
blood, and latent diabetes. The sella turcica was slightly but definitely enlarged, and 
the floor of the sella and the posterior clinoid processes were slightly eroded. The 
perimetric fields were normal. There was general constriction of the retinal arteries, 
also old choroiditis, with a cystic type of degeneration below the right macula, and glial 
excess on the right disc, nasally, with extension along the superior nasal vessels. At 
exploration, September 17, both suprarenal glands were found to be essentially normal 
in appearance except for slight enlargement of the left. About half of each gland was 
removed. The tissue removed was normal suprarenal tisue on microscopical examination, 
except for the presence of an adenoma microscopical in size. Recovery from the opera- 
tion was uneventful, and the patient was dismissed from the clinic after having been 
given one course of R6ntgen therapy to the pituitary gland. So far as we have been 
able to learn, there has been no material change in her condition. 


BIBLIOGRAPHY 


' Albright, Fuller, Churchill, E. D., and Castelman, Benjamin: Unpublished data. 

* Collett, Arthur: Genito-suprarenal Syndrome (Suprarenal Virilism) in a Girl One 
and a Half Years Old, with Successful Operation. Am. Jour. Dis. Child., vol. 27, 
pp. 204-218, March, 1924. 

®’Cooke, William: Quoted by Hicks, J. B.: Adenoma of the Adrenal Cortex: with 
Report of a Case. New Eng. Jour. Med., vol. 199, pp. 1140-1145, December 6, 1928. 

‘Costello, R. T.: Unpublished data. 

° Cushing, Harvey: Papers Relating to the Pituitary Body, Hypothalamus and Para- 
sympathetic Nervous System. Springfield, Illinois, Charles C. Thomas, 234 pp., 
1932. 

*Cushing, Harvey: The Basophil Adenomas of the Pituitary Body and Their Clinical 
Manifestations (Pituitary Basophilism). Bull. Johns Hopkins Hosp., vol. 50, pp. 
137-195, March, 1932. 

* Cushing, Harvey: Further Notes on Pituitary Basophilism. Jour. Am. Med. Assn., 
vol. 99, pp. 281-284, July 23, 1932. 

*Cushing, Harvey: “Dyspituitarism’: Twenty Years Later, with Special Consideration 
of the Pituitary Adenomas. Arch. Int. Med., vol. 51, pp. 487-557, April, 1933. 


687 


{ 
{ 
j 
ults, 
‘ams 
rate | 
of 
‘ical 
bar 
red 
ght 
the i 
nal 
led 
‘he 
of 
the 
en 
ry 
na 
Ss 
5, 
le 
y 
n 
d 
d 
|_| 


WALTERS, WILDER AND KEPLER 


® Editorial: Adenomata of the Pituitary Gland. Lancet, vol. 2, p. 1330, December 9, 
1033. 

* Gallais, Alfred: Le syndrome génito-surrénal; etude anatomo-clinique. Paris, 224 pp,, 
1912. 

™ Jaffe, H. L.: The Suprarenal Gland. Arch. Path. and Lab. Med., vol. 3, pp. 414-453, 
March, 1927. 

” Kepler, E. J., Kennedy, R. L. J., Davis, A. C., Walters, Waltman, Wilder, R. M., 
MacCarty, W. C., and Kendall, E. C.: Suprarenocortical Syndrome and Pituitary 
Basophilism: Presentation of Three New Cases. Proc. Staff Meetings of Mayo 
Clinic, vol. 9, pp. 169-181, March 21, 1934. 

*® Keyser, L. D., and Walters, Waltman: Carcinoma of the Suprarenal Associated with 
Unusual Endocrine Manifestations. Jour. Am. Med. Assn., vol. 82, pp. 87-88, 
January 12, 1924. 

“ Kolodny, Anatole: Suprarenal Virilism in a Woman. Jour. Am. Med. Assn., vol. 102, 
pp. 925-026, March 24, 1934. 

* Krabbe, K. H.: Relation between Adrenal Cortex and Sexual Development. New 
York Med. Jour., vol. 114, pp.4-8, July 6, 1921. 

Leyton, Otto, Turnbull, H. M., and Bratton, A. B.: Primary Cancer of the Thymus 
with Pluriglandular Disturbance. Jour. Path. and Bacteriol, vol. 34, pp. 635-660, 
November, 1931. 

™ Marine, David: Quoted by Rowntree, L. G., and Ball, R. G. 

** Mayo, C. H.: Paroxysmal Hypertension with Tumor of Retroperitoneal Nerve; Report 
of a Case. Jour. Am. Med. Assn., vol. 89, pp. 1047-1050, September 24, 1927. 

* Meyer, Robert: Beitrag zur Frage der Funktion von Tumoren der Ovarien, insbesondere 
solcher, die zur Entweiblichung und zur Vermannlichung fiihren. Arrhenoblastome. 
Zentralbl. f. Gynak., vol. 54, pp. 2374-2380, September 20, 1930. 

°° Meyer, Robert: The Pathology of Some Special Ovarian Tumors and Their Relation 
to Sex Characteristics. Am. Jour. Obst. and Gynec., vol. 22, pp. 697-713, November, 
1931. 

* Porter, M. F., and Porter, M. F., Jr.: Report of a Case of Paroxysmal Hypertension 
Cured by Removal of an Adrenal Tumor. Surg., Gynec., and Obst., vol. 50, 
pp. 160-162, January, 1930. 

* Roussy, G., and Oberling, C.: Quoted in Editorial.° 

* Rowntree, L. G., and Ball, R. G.: Diseases of the Suprarenal Glands. Endocrinology, 
vol. 17, pp. 263-2904, May-June, 1933. 

* Shipley, A. M.: Paroxysmal Hypertension Associated with Tumor of the Suprarenal. 
ANNALS OF SURGERY, vol. 90, pp. 742-749, October, 1929. 

* Strassmann, E.: Vorfiihrung einer Frau mit Erscheinungen von Vermannlichung durch 
Ovarialtumor und Wiederverweiblichung durch Operation. Ztschr. f. Geburtsh. u. 
Gynak., vol. 98, pp. 131-134, 1930. 

* Taylor, J. M., Wolfermann, S. J., and Krock, Fred: Arrhenoblastoma of the Ovary. 
Surg., Gynec., and Obst., vol. 56, pp. 1040-1046, June, 1933. 

* Walters, Waltman: The Surgical Aspects of Suprarenal Abnormalities. (Editorial.) 
Surg., Gnec., and Obst., vol. 56, pp. 242-243, February, 1933. 

> Walters, Waltman, and Mayo, C. H.: Surgical Aspects of Suprarenal Abnormalities. 
Proc. Staff Meetings of Mayo Clinic, vol. 8, pp. 108-110, February 15, 1933. 

* Wilder, R. M., Kernohan, J W., Parker, H. L., and Kepler, E. J.: Symposium: Poly- 
glandular Dyscrasias Involving Abnormalities of Sexual Characteristics. Proc. Staff 
Meetings of Mayo Clinic, vol. 8, pp. 97-107, February 15, 1933. 


688 


j 
€ 


TRANSPLANTATION OF THE ADRENAL CORTEX FOR 
ADDISON’S DISEASE 


By Epwin Berr, M.D. 
AND 


B. S. OPPENHEIMER, M.D. 


or New York, N. Y. 


Since the cortical hormonal substance of the adrenal has become avail- 
able, many attempts to meet adrenal insufficiency have been made with some 
success. In the following brief paper, we wish to make a preliminary report 
on two cases of Addison’s disease, in which the attempt to relieve the insuffi- 
ciency by transplantation of adrenal cortex was made. The cortex was 
removed from another human being during the course of a kidney opera- 
tion, immediately stripped of medulla and within one hour implanted in small 
pieces into pockets made in the recipient’s rectus muscle. These cases illus- 
trate a number of interesting points, and are placed on record to stimulate 
further work along the same lines. 

We want to make it clear that we are not making any definite claims for 
this operation as a curative procedure. In the second case, the patient was 
brought to the operating room almost stuporous, and, following the trans- 
plantation a remarkable improvement set in with gain in weight and improved 
appetite and strength, so that within a few months he was able to walk two 
to three miles, to dance and drive his automobile. The first case died of a 
progressive bed sore, with infection, and the histological study of the rectus 
muscle and transplants showed viable adrenal cortex fourteen days after 
operation. 

These findings and the clinical improvement are highly suggestive, and 
should warrant further experiments along similar lines. In following such 
cases of Addison’s disease, one may be misled by a natural remission, and 
arrive at erroneous conclusions. The fact that successful cortical transplants 
have been made in animals should stimulate the surgeon to further attempts 
in human beings, who regularly succumb when afflicted with Addison’s dis- 
ease. Unfortunately, we have no definite test which would prove that the 
cortex is functioning. The improvement in the general condition of the 
patient as evidenced by increased weight and his prolonged life are the only 
evidences that we have that the transplanted cortex is functioning normally. 

In experimental work on animals, hetero-transplants, homeo-transplants 
and auto-transplants have been used. Hetero-transplants, as in all other 
tissues, have given no results. Homeo-transplants have been much more satis- 
factory, and in a recent review by Jaffe,’ he states that in fifteen rats ex- 
amined one month after homeo-transplantation, four had successful trans- 
plants. He feels that considering the clinical appearance of the animals, these 
transplants may function. According to the same author, Schmieden reported 
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takes in homeo-transplants in rabbits. In the same author’s work, homeo- 
transplants in guinea-pigs,” on the other hand, usually degenerated after a 
few months. In auto-transplants in guinea-pigs, Jaffe has reported excellent 
results. In these experiments, the cortex was completely separated from the 
medulla and divided into small fragments, which were transplanted into the 
rectus muscle, after washing thoroughly in physiological sodium chloride 
solution. In sixty-three rats out of sixty-seven, transplants took the place 
of the removed suprarenals, and functioned well, the animals having ap- 
proached the normal litter and sex controls in weight and activity and with- 
stood doses of vaccine that invariably killed suprarenalectomized rats, that 
had not received transplants. According to the work of Elliott and Tuckett, 
in making the cortex transplants, one must remove the medullary tissue, for 
the latter may cause extensive necrosis of the operative field.* 

As far as transplants in human beings are concerned, the above experi- 
mental work would suggest a logical basis for such attempts. In the publica- 
tion of F. d’Abreu,* the question of adrenal cortex transplants in Addison's 
disease is discussed, and a number of cases are brought together by the writer, 
including one of his own. He quotes a case by Reinhart, who transplanted, 
in a case of Addison’s disease, an adrenal from a patient who was operated 
on for renal tuberculosis. The transplant was sectioned and inserted between 
the peritoneum and muscular walls of the abdomen, and benefit resulted; 
appetite returned, pigmentation faded, and the systolic blood-pressure rose 
from eighty-five millimetres of mercury to 125. In this case, menstruation 
became reéstablished eight days after implantation, amenorrhoea having been 
present for five months prior to operation. Improvement was maintained up 
to the time of publication, which was six months after the operation. This 
case was published in 1928,‘ and the final outcome is not known to me. In 
d’Abreu’s case, a female of twenty-eight years suffering from Addison’s 
disease, a transplant was made from another human being who had just died. 
The systolic blood-pressure at the time of operation was forty millimetres 
of mercury. As the effect was not satisfactory after ten days, a whole adrenal 
of a new-born dead infant was transplanted into the abdominal wall. The 
blood-pressure rose for two days, but the patient died twenty days after the 
first operation. On post-mortem examination of this case, the right adrenal 
was almost completely atrophic, there being practically no cortex left. There 
was no evidence of tuberculosis. The left adrenal was practically the same 
as the right. Apparently in this case transplantation of the adrenal failed on 
account of suppuration, but the author feels sure that there was temporary, 
definite improvement. D’Abreu advises taking the adrenal tissue from human 
beings who have just died, as he sees no possibility of obtaining suprarenals 
from living patients, as had been done in Reinhart’s case. In this paper he 
quotes a case of A. F. Hurst, in which the adrenal gland was transplanted 
from an accident case into the subcutaneous inguinal tissue, and fourteen 
days later another graft from a fcetus was transplanted into the left testis. 


*In rats, Jaffe could transplant cortex and medulla, and still avoid necrosis. 
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In this case there was a little improvement, but at nine months after the 
operation there was no change in the pigmentation, though the patient had 
stopped vomiting and the systolic blood-pressure had reached 115 millimetres 
of mercury and the hemoglobin was 8o per cent. 

The above experimental data on animals and human beings give definite 
sanction to further transplantation experiments in Addison’s disease. In the 
two cases about to be reported, three separate transplant operations were 
made, using only the cortex, ‘which had been removed from three other pa- 
tients. The cortex was washed in saline, and within an hour, under local 
anesthesia, the cortex having been cut up in small pieces about the size of 
match heads, the transplants were introduced into avascular pockets in the 
rectus muscle, and the pockets were closed with single stitch of fine catgut. 
In the first case, who died of a progressive infection starting in a bed sore, 
which had been present at the time of operation, there was temporary im- 
provement in the pulse and sensorium, and on post-mortem examination 
fourteen days after the operation, an extensive bilateral adrenal tuberculosis 
was found. Study of the transplants showed that they were in part viable, 
in other words, had taken. The slides were examined by Doctors Klemperer, 
Otani, Marine and H. L. Jaffe, who agreed that the transplants had taken. 

In the second case, on two separate occasions, the adrenal cortex from 
two other patients was transplanted in multiple small pieces into the rectus 
muscles and in this patient there was definite improvement. At the first 
operation, the patient was stuporous. He required a continuous intravenous 
glucose drip for two to three days prior to operation, and even while in the 
operating room. In view of the improvement following the first transplanta- 
tion, it was thought advisable to repeat the procedure some weeks later. In 
all about sixty-four pieces of adrenal cortex were transplanted into this pa- 
tient, and his general condition improved quite strikingly ; appetite increased, 
he gained weight, and was able to walk about the ward and get along without 
“Eschatin”* for three months, and without sodium chloride for seven days at 
atime. Though his blood-pressure has not shown any marked rise, the patient 
apparently lives a fairly normal life. The contrast between his present con- 
dition and the condition six months ago is sufficiently striking to make one 
feel that the transplant has been of real assistance to him. 

The following history of each case is given in brief form, based on 
the final discharge note at Mount Sinai Hospital on the service of Dr. B. S. 
Oppenheimer : 


Case I.—E. S., Hungarian, female, forty-one years old. Patient began to lose 
weight and strength six months before admission. For five weeks prior to admission 
she was troubled with nausea and vomiting. She became constipated, weak and easily 
fatigued, so that walking or even standing became impossible. During the last month, 
patient had assumed an unnatural brown color of the face. She was a small woman, 
face, neck, arms and legs were darkly pigmented. There were also dark pigmented 
areas in the buccal mucosa. The lungs showed no abnormality. The heart was normal 


*“Eschatin” is a trade name for the suprarenal cortical hormone isolated according 
to the method of Swingle and Pfiffner. 
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in size, but the heart sounds were distant. Pulse rate was normal, averaging 88, but 
unusually weak in force. The blood-pressure was often found to be indeterminable, on 
other occasions it varied from seventy-four to eighty-four millimetres of mercury, over 
fifty-eight diastolic. The blood volume was normal, no anemia, no leucocytosis. Blood 
urea was practically normal at times, but rose to fifty-eight milligrams. Blood sugar 
was somewhat low, sixty-five to ninety-five milligrams, and blood cholesterol was 
always high, 335 to 415 milligrams. 

With the diagnosis of Addison’s disease, “Eschatin” was given in two-cubic-centi- 
metre doses intramuscularly each day. After five days of treatment, the patient spon- 
taneously declared she felt stronger, and digestive symptoms abated. About the end 
of the second week, despite the usual administration of “Eschatin,” nausea and vomiting 
recurred, and blood-pressure became indeterminable. The blood urea rose to fifty-eight 
milligrams, and blood sugar fell to sixty milligrams. “Eschatin’” was now administered 
intravenously, the dose being increased to four cubic centimetres. Once again there 
was marked subjective improvement, accompanied by increased strength and disap- 
pearance of nausea and vomiting. At the end of the fourth week, blood-pressure having 
risen to 100/68 millimetres of mercury, without the patient’s knowledge, injections of 
saline were substituted for the “Eschatin.” After six days without “Eschatin,” nausea, 
anorexia and vomiting recurred. On resuming previous treatment, two cubic centimetres 
of “Eschatin” daily, the patient again improved. There were two brief rises in tem- 
perature, which were associated with increase of symptoms. On the second of these 
rises, blood urea was forty-eight milligrams. “Eschatin” was increased to six cubic 
centimetres, and then to ten cubic centimetres intravenously, whereupon the patient once 
more improved. Blood-pressure was 100/70 millimetres of mercury, which represented 
the highest of sixty blood pressure readings which were made during the first eight weeks 
of the patient’s stay in the hospital. As the dose of “Eschatin” was reduced to two 
cubic centimetres daily, patient again became weaker, nausea, vomiting and anorexia 
reappeared. Blood-pressure and pulse could not be obtained. Temperature began to 
rise and assumed a fluctuating character, perhaps due to the beginning of a bed-sore 
over the sacrum. 

About this time, adrenal cortex transplantation was made into the belly of the left 
rectus muscle under local anesthesia, twenty-four pieces of cortex, removed during a 
nephrectomy for a tuberculosis of the kidney from a woman, whose blood was not com- 
patible with the recipient (patient Group II, donor Group III). No medulla was 
allowed to remain attached to the cortex. Following this operation, which was done 
December 6, 1933, there were definite variations in the patient’s condition. At times 
her pulse, which had been imperceptible, could be readily counted. During this period, 
the patient received a different adrenal preparation known as “Interrenin,”* and subse- 
quently again “Eschatin.” Five days after operation, the wound having healed kindly, 
patient was running fever, and there was extensive necrosis and suppuration over the 
sacral region, arising in a bed-sore. The patient apparently was improved, and her 
mind, which had been somewhat befogged, became alert and the patient was definitely 
rational. The blood-pressure, however, remained low, systolic now between seventy- 
nine and eighty-six millimetres of mercury, and the diastolic fifty-two to sixty milli- 
metres of mercury. Three days later, seven days after the transplantation, the condition 
was about the same. The pulse was of good quality, the fever was irregular and the 
patient was taking fluids well. There was a slight phlebitic reaction around the site of 
the intravenous injection in the right arm, and a pressure necrosis with cellulitis over 
the sacrum. The suppuration over the sacrum could not be controlled, and considerable 
purulent discharge with a foul odor developed. Twelve days after the operation the 
transplantation wound was dressed, and the sutures in part removed. The wound was 


*“TInterrenin” is an adrenal cortical preparation made under Doctor Goldzieher’s 
direction. 
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clean. December 17, 1033 (eleven days post-operative), the necrotic skin surrounding 
the bed-sore was excised and the adjacent skin areas raised, so as to allow free drainage 
of the foul pus and gas, caused by the cellulitis. With progress of the infection over 
the sacrum, plus probably the Addison's disease, the patient became weaker, though her 
mind remained clear. On the fourteenth day, she became restless, pulse rate rose, and in 
the early morning, patient became rapidly weaker and died. 

Post-mortem findings showed in brief: Caseous tuberculosis of both adrenals: dis- 
seminated tuberculosis of lungs and liver; decubitus ulcer over sacrum; acute, diffuse, 
interstitial nephritis; and multiple adrenal cortex implants in the belly of the left rectus 
muscle. On examination of the abdominal wall, there was a recent three-inch-long 
surgical wound, small amount of greenish-gray purulent material under the skin over 
the rectus fascia. In the rectus muscle under the scar, numerous pinhead-sized yellow 
pieces of transplanted adrenal cortex, some surrounded by areas of hemorrhage, were 
located. The microscopical examination of the adrenals showed that they were com- 
pletely replaced by necrotic pink stained tissue, with a few collections of lymphocytes 
and degenerated epithelioid cells. In the periphery of the necrotic tissue were collec- 
tions of lymphocytes, few epithelioid cells and giant Langhans’ cells. No normal adrenal 
architecture seen. So far as the rectus muscle was concerned, numerous sections from 
the area of the operative transplants were made. Clusters of adrenal cells, suggestive 
of the glomerular layer, were seen in the periphery of the transplants. Most of the 
cells in the graft were degenerated; those that remained showed varying degrees of stain- 
ing intensity, some appearing to stain as deeply as the surrounding cells, while others 
showed either hyperchromatism or faint staining of the nuclei. Within the degenerated 
area of the transplants were cholesterol crystal clefts. No mitoses were found in the 
remaining adrenal cells. 

Case II.—C. C., male, twenty-three years, admitted October 26, 1033, discharged 
January 27, 1934. This patient was an American who entered the hospital complaining 
of weakness and pigmentation of the skin’ of three weeks duration. For a year and a 
half before admission, he had been suffering from frequent attacks of hiccoughing. He 
also noted that his skin tanned readily. Present illness came on rather suddenly, while 
patient was playing baseball. He felt weak, thereafter he noted dyspnoea and _ palpita- 
tion on exercise. His physician found a systolic blood-pressure of eighty millimetres of 
mercury, and anemia. The weakness persisted, and he had several bouts of hiccoughing 
in the last few weeks prior to admission. On examination he seemed to have lost weight. 
There was a light brown pigmentation of the skin, as well as of the buccal mucosa, and 
inner surface of the lips. The lungs were normal, except for a few inconstant rales over 
the left upper lobe. Heart was normal, blood-pressure on admission was 92/63 milli- 
metres of mercury, hemoglobin 95 per cent. There was universal pigmentation of the 
skin. Von Pirquet test was positive. The basal metabolism was plus 1. Blood sugar 
was ninety milligrams, blood urea twenty-one milligrams. The patient was easily 
exhausted. For several days patient seemed to be in mild shock; the blood-pressure 
dropped to 60/20 millimetres of mercury; the heart sounds became almost inaudible. 
He was pulled out of this depression by “Eschatin” intravenously, and he also received 
intravenous glucose and saline, which maintained the improvement. 

Thereafter, “Eschatin’’ was given in three-cubic-centimetre doses intramuscularly 
several times a day. About November 1, patient went into shock and continuous 
intravenous drip of glucose and saline was instituted, together with ‘“Eschatin” intra- 
venously. He was brought to the operating room in semi-stuporous condition Novem- 
ber 3, with the intravenous infusion running. Forty-five pieces of adrenal cortex without 
medulla, about the size of matchheads, were transplanted as in the previous case into 
avascular pockets made in the left rectus muscle. The adrenal cortex was obtained 
from another male patient in the course of an operation for nephrolithiasis (recipient 
Group I, donor Group II). Much to our surprise, shortly after the operation was 
over, the patient was mentally clearer, spoke and answered questions intelligently, which 
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prior to the operation he did not and could not do. Following the transplantation, the 
patient was kept on “Eschatin,” sometimes with and sometimes without sodium chloride 
in large doses. Patient stood the operation well. The blood-pressure remained at 
approximately the same low levels. The wound of the transplantation site healed by 
primary union, but after the stitches were removed, the wound gaped, and a small 
hematoma was expressed. 

The patient developed mild phlebitis from the numerous intravenous infusions, which 
gradually subsided, and on the third day after the operation the patient was noted to be 
much more cheerful and alert, though complaining of some pain from the phlebitis. 
By November 7, he became interested in everything, was talking freely, and his general 
condition was definitely more satisfactory. November 12, though he had vomited on 
several occasion two days before, he was very bright and felt strong enough to sit up. 
Blood-pressure was about 88/60 millimetres of mercury, rarely going above ninety 
millimetres of mercury systolic. 

Up to November 17, patient had received in all thirty-four cubic centimetres of 
“Rschatin.” This was given in daily doses, one and one-half to two cubic centimetres 
intramuscularly. Two weeks post-operative, the patient had gained sufficient strength, 
and was mentally alert, so that it seemed feasible to taper off the “Eschatin.” Sodium 
chloride, which was given to the patient in capsules, nine Gm. daily, was also gradually 
tapered off, and stopped for a while, without any ill effect. Frequent determinations of 
twenty-four-hour urines showed chloride excretion ranging between 4.2 Gm. and 9 Gm. 
Incision and lines of suture in the skin developed pigmentation. November 24 he was 
demonstrated at a clinical conference, where he sat up and seemed alert and interested. 

December 1 it was noted that there had been no change in the patient’s condition 
during the past week, though he had been taking capsules of sodium chloride again. 
December 6 patient was weighed. This was difficult to carry out, as he could not 
stand. Weight was about 102 pounds, having been 125 pounds two months previously. 
By December 13 it was noted that there was slight diminution of pigmentation of the 
lips and possibly also in the buccal mucous membrane. Subjective improvement con- 
tinued. By December 15, “Eschatin’” was stopped altogether, and sodium chloride in 
doses of six Gm. daily was continued, in addition to a diet rich in salt, until the patient 
was discharged from the hospital. By December 19, patient was walking about the 
ward with ease, and on December 29, another transplantation operation was performed, 
nineteen pieces of adrenal cortex being introduced into the belly of the right rectus 
muscle (donor Group I). During this operation the patient was very alert. Following 
the operation “Eschatin” was temporarily used again. There was slight febrile reaction 
following this operation, apparently due to a slight wound infection, which was relieved 
by an evacuation of about half a dram of pus. Smear from the wound showed pus-cells, 
no organisms. Following the opening of part of the wound, temperature dropped, and by 
January 7 the wound was clean, and all sutures had been removed. 

The patient was discharged from the hospital January 27, 1934, much improved, 
with insructions to continue sodium chloride capsules (which for days at a time he 
failed to do) and to use “Eschatin’” iti case of emergency. General condition following 
discharge from the hospital up to the beginning of May, 1924, showed progressive 
improvement, increase in strength, and mental alertness. He was able to do anything 
that he wished without excessive fatigue, in fact he could walk two to three miles, 
dance and drive his automobile without any ill effects, even though his blood-pressure 
remained low, 80/48 millimetres of mercury. In the beginning of May, he was brought 
back to the hospital to determine his response to a diet containing only two Gm. of 
sodium chloride per day, which we thought might be a test of the function of the 
transplants. During this observation, calcium and sodium blood estimates were to be 
made. The calcium was 10.6 milligrams (May 1) and 10.4 (May 11). His blood 
sodium determination on admission ‘April 25, 1934) was 316 milligrams per 100 cubic 
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centimetres (137.5 millimoles) as determined by R. F. Loeb. After placing him on a 
E. diet with only two Gm. of sodium chloride a day for three days, the blood sodium on 
a May 7 had dropped to 287 milligrams (124.7 millimoles) suggesting an adrenal cortical 
& insufficiency. With this withdrawal, the food became unpalatable, and the patient 
developed some anorexia and weakness. After this three-day test, he was again placed 
on sodium chloride, and a few doses of “Eschatin,’ and rapidly became alert, talk- 
ative, hungry and as energetic as on admission. May 11, 1934, after four days of a 
high salt diet, Doctor Loeb reported the patient’s blood sodium had risen again to 2o9 
milligrams per 100 cubic centimetres (130 millimoles). The significant drop in sodium 
in the blood on a salt-poor diet with clinical symptoms indicated that the adrenal 
transplant was functionally not completely competent to make up for the adrenal insuffi- 
ciency ; evidently the high salt diet was also playing a role. His prompt return to his 
standard condition on a high salt diet, with a return to an almost normal blood sodium 
confirms this impression. 

May 13, 1934, the patient was discharged, apparently in good condition, alert, strong 
} and without loss of weight, compared with previous figures. The pigmentation about 
the wounds seemed less, but there was no change in that of the mouth and lips. Since 
February, 1934, erections and nocturnal emissions, which had ceased about October, 1933, 
had returned. 


Comment.—Case I was valuable in two respects: first, the post-mortem 
examination confirmed the clinical diagnosis of Addison’s disease—in this 
case due to bilateral tuberculosis of the adrenals; secondly, it demonstrated 
that the bits of adrenal cortical transplants had maintained their histological 
structure in part so well that competent pathologists, two of whom are au- 
thorities in this field, believed the cells to be viable fourteen days after the 
transplantation. 

In Case II, one is justified in assuming that the patient is suffering from 
Addison’s disease, although not necessarily from bilateral adrenal tubercu- 
losis, and that the adrenal transplants have taken and are at least partly sub- 
stituting for the adrenal insufficiency. This case emphasizes the absence of 
any measure of the adrenal cortical hormone, such as one has in the basal 
| metabolic rate for measuring thyroid activity. One is left with relatively un- 
) | satisfactory criteria of adrenal cortical activity. 
| For the present the best guides are the clinical and laboratory evidences 
of changes in adrenal cortical function. From the clinical standpoint, the 
most valuable evidences of improved adrenal cortical function are (1) sur- 
vival beyond the expected period of life; (2) general clinical improvement, 
especially increase in body weight, diminution of asthenia, disappearance of 
crises, decrease of pigmentation, loss of nausea and vomiting, loss of apathy, 
and general improvement in the psyche. A rise of blood-pressure would be 
valuable evidence, but it usually does not occur, even though the patient shows 
improvement in other respects. The laboratory evidence of betterment in- 
cludes a rise in the blood sugar, disappearance of azotemia, restoration of 
blood volume, disappearance of the negative sodium balance with rise of the 
plasma sodium. This last was demonstrated in our second case through the 
collaboration of Dr. Robert F. Loeb, who was one of the first to study the 
blood sodium values intensively, and who kindly made the sodium determina- 
tions of the blood. The immediate improvement in the stuporous state of our 
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TRANSPLANTATION OF ADRENAL CORTEX 


second case was probably due to the liberation of preformed cortical hormone 
from the transplanted bits. It is unlikely that Reinhart’s suggestion that the 
transferred cortical hormone stimulates the host’s remaining adrenal tissue 
to further secretion, is correct, as, in general, evidence is against the extract 
of any endocrine gland stimulating the same gland; in fact, the effect, if any, 


would be to decrease the gland’s function. 

A final suggestion, which we have had no opportunity of trying, would be 
the combined use of adrenal cortical transplantation and Collip’s adrenotropic 
fraction of the anterior pituitary gland extract, to stimulate both the trans- 
planted tissue and whatever viable adrenal rests the host may possess. 
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Discusston.—Dr. FRANK H. Laney (Boston, Mass.).—I think when we listen to 
these papers this afternoon we must realize that the situation with hyperparathyroidism 
and these adrenal situations is becoming complicated. As long as we had this simple 
rule to go by, I had no difficulty. When the rule was, “Don’t take out a normal para- 
thyroid and only take out adenoma,” that was simple, but now we have hyperplasia, too, 
and it becomes very complicated. 

When the rule was, “You cannot take out an adrenal unless it has a cortical 
adenoma in it or paraganglioma,” that was simple, but when we became involved with 
hyperplasia of the adrenal too, it is indeed complicated. 

I think we owe a great deal to Doctor Churchill, Doctor Bauer, Doctor Aub and 
Doctor Albright for their classification and clarification of the parathyroid situation, 
and certainly it has been through work in The Mayo Clinic, being reported now by 
Doctor Walters, that we have been able to operate on the two cases of cortical adrenal 
adenomas. 

I did a stupid thing in a patient with an adrenal cortex tumor and I would like 
to report it to you so you will not do it. I think it illustrates the point, too, that is 
involved in the beautiful piece of work done by Dr. Harvey Stone in making possible 
the cross-grafting which hitherto has been largely unsuccessful. 

We operated on a girl who was diagnosed by Dr. Joseph Pratt as having Cushing’s 
disease, or pituitary basophilism, but she had the typical picture of adrenal cortex 
adenoma which goes with the disease as illustrated in Doctor Walters’ slide, with 
hypertrichiasis, male distribution of pubic hair, high blood-pressure, acneic eruption and 
bluish abdominal striations. I exposed the left adrenal because the X-ray of her kidney 
in the pyelogram showed distortion of the calix on that side of it. I found a definite 
adrenal cortex tumor. It was, unfortunately for her, a typical discrete adenoma of the 
adrenal cortex, the size of a large plum. 

I was so delighted that I took it out thinking the other side surely would have an 
adrenal. She died within three days and autopsy showed she had the remnants of the 
capsule of an adrenal on the other side but doubtless due to the excessive function of 
the adenomatous left adrenal, the remaining one had atrophied. 

This is somewhat like the situation with adenoma of the parathyroid. We know 
that if you take out an adenoma of the parathyroid you frequently have tetany for 
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some time. The remaining parathyroids probably have not been functioning fully in the 
presence of the overly functioning parathyroid adenoma and that probably is also addj- 
tional evidence to prove a law laid down by Doctor Halstead that parathyroid grafts 
will not take except in the presence of a parathyroid deficiency. 

I think this demonstration of Doctor Walters’ is an extremely valuable one. It js 
due to that work that we were prompted to investigate this case. I think, on the other 
hand, it is very difficult to differentiate between basophilism and adrenal cortex tumors 
because often in Cushing’s disease or pituitary basophilism the number of cells is very 
minute within the pituitary and does not produce enlargement of the sella turcica. 

Another thing I think is important in dealing with adenomas of the adrenal cortex: 
We thought, in a recent case, we could do a posterior kidney incision, expose the adrenal, 
then open the peritoneum posteriorly and demonstrate by palpation whether there was 
an adrenal on the other side. You cannot do that because you cannot be sure of feel- 
ing it. I believe if I had another case to do, I would expose both adrenals, visualize 
them by mobilizing the kidneys and make sure they were both there before removing the 
adrenal tumor. 


Dr. ArtHUR M. Suiptey (Baltimore, Md.).—The adrenals are organs of complex 
character, consisting embryologically, histologically, anatomically and, from the stand- 
point of function also, of two distinct tissues which are arranged as cortex and medulla. 
It is to be expected, therefore, that the pathology and symptomatology of abnormal 
states of these two tissues would be different, and the clinical and pathological evidence 
that is accumulating bears out this assumption. 

In certain abnormalities of the cortex as described by Doctor Walters and Doctor 
Wilder, patients show some or all of the following symptoms—rapidly acquired obesity 
confined to face, neck and torso; a ruddy, plethoric face; atrophic bluish striz of the 
skin and subcutaneous tissues; hypertension; amenorrhoea; either diabetes or diminished 
sugar tolerance; osteoporosis; increase in growth of hair and disturbance in the sex 
organs. 

There are a number of abnormal conditions found in the medulla, but it is of para- 
ganglioma of the medulla that I wish to speak and to compare the symptoms produced 
by these tumors with the disturbed body functions produced by tumors of the cortex. 
Cameron has discussed abnormal conditions of the adrenal medulla and reviewed a series 
of interesting reports. 

In 1929, Pincoffs and I reported a case of a young woman, twenty-six years old, 
from whom a paraganglioma of the right adrenal was removed. This patient was 
studied carefully before and after operation. The outstanding symptoms were attacks 
of paroxysmal hypertension in which the systolic pressure rose rapidly to varying 
heights, 190, 219 and, in one attack, to 260. Between the attacks the blood-pressure 
was normal whenever taken. Sugar was found in the urine during the attacks but the 
patient was not a diabetic. She had severe occipital headaches and felt tense and 
tremulous during the paroxysms. There was a feeling of tightness in the throat and 
neck and she was acutely conscious of the pounding of her heart. All symptoms dis- 
appeared between the attacks. She was not obese, there was no increase in the growth 
of hair and no disturbance in her sex organs. This patient’s blood-pressure behaved in 
a striking way during and after operation. She did not have an attack of hypertension 
the morning of operation, and until the tumor was removed her highest systolic pres- 
sure was 152 and three other readings of 140, 130 and 138 were made. As soon as the 
tumor was reached and its removal begun, her pressure began to drop until just after 
removal it was 88/62. During the remainder of the operation the systolic pressure varied 
between 94 and 110, but at the end of the operation it was 75. For several hours after 
operation the patient’s condition was critical. She then began to improve, and by the fol- 
lowing day she was in good condition. During her convalescence her blood-pressure 
averaged about 110/70. She has been followed since and has remained well. 
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TRANSPLANTATION OF ADRENAL CORTEX 


When a patient's symptoms, whether they point to a lesion of the cortex or of the 
ulla, lead one to suspect the adrenals, a number of problems are immediately up 


med 
In the first place, complete removal of both adrenals is fatal. If the 


for decision. 
symptoms fall in the group caused by cortical lesions, it is necessary to consider the 


hypophysis, and if it is possible to eliminate this, then it is important to determine 
whether both adrenals are involved or only one, and, if only one, which one. 

Almost the same problem confronts us in tumors of the medulla, with an added 
difficulty. Chromaffin bodies are found along the course of the sympathetic ganglia 
and tumors may develop in these bodies that produce symptoms identical with those 
seen in paragangliomata of the medulla of the adrenal. Dr. C. H. Mayo’s case illus- 
trates this. 

It can therefore be seen that the choice of operative approach is important. Volhard 
has reported a most instructive case, a man thirty-eight years old who showed 
paroxysmal hypertension, his systolic blood-pressure varying between 180 and 300; 
the attacks were frequent, three or four each day, accompanied by severe headache. 
Pre-operative diagnosis of medullary tumor was made and laparotomy done. He was 
unable to make out a tumor of the right adrenal, and it was thought the left adrenal 
must be involved. Subsequently, a left suprarenal, three times its normal size, was 
removed, and the patient died. At autopsy a tumor of the medulla of the right adrenal 
was found with the cortex thinned out and destroyed. The enlargement of the left 
suprarenal was probably compensatory. 

I believe if I were called upon again to operate for suspected tumor of the adrenal, 
I would make a transverse abdominal incision between the ensiform and umbilicus long 
enough to palpate both suprarenal regions and to examine the post-peritoneal region 
lying between the two kidneys, and lengthen the incision to the right or left, depending 
upon which adrenal was to be resected or removed. 


Dr. RussELL Wiper (Rochester, Minn.).—I should like to take this opportunity 
to point out a lesson with rather general bearing. It comes from the study that Doctor 
Walters has reported to you. 

Among the five cases of tumor—that is, adenoma of the cortex of the adrenal—that 
were included in this series, there were two cases with exopthalmic goitre. Now it has 
long been suspected, as Doctor Crile has told us, that the adrenal is capable of stimu- 
lating the thyroid. These cases lend support to that assumption. In my opinion, how- 
ever, and this I want to make very clear, evidence such as this does not permit the 
conclusion that Graves’ disease is usually due to adrenal stimulation. As I see it, there 
is no evidence of adrenal involvement in the large majority of cases of Graves’ disease. 

By the same token, the fact that many cases of acromegaly are associated with 
Graves’ disease cannot be interpreted as indicating that the hypophysis is responsible 
for hyperthyroidism. I might interpolate that our experience in The Mayo Clinic 
does not indicate that more than 7 per cent. of the cases of acromegaly are associated 
with Graves’ disease. But this fact and also the fact that a thyrotropic fraction can 
be obtained from the anterior lobe of the pituitary means at most that occasionally the 
pituitary may provoke the thyroid to overfunction. 

There is a tendency today to consider the pituitary a master criminal in disease. 
It may be a master gland in the physiological sense. It is an important organ, but no 
more important than the adrenal or the pancreas. Indeed, an animal can survive the 
resection of his pituitary. He cannot survive the resection of either his pancreas 
or his adrenals. 

The evidence thus far submitted does not prove that the pituitary has anything to 
do with the average case of diabetes or the average case of Graves’ disease or the 
average case of adrenal overfunction, and as I see it all of this very interesting physio- 
logical evidence that has been accumulated in the last few years on the subject of the 
pituitary has not changed our conception of the principal diseases of metabolism. 
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I would also like to ask the opportunity at this time to mention the fact that Doctor 
Kendall has successfully maintained bilaterally adrenolectomized dogs with his pure 
crystalline product. Three dogs have now survived—one of them eight weeks, one six, 
and the other two weeks. These crystals, therefore, seem to be the life-sustaining factor 
contained in the adrenal extract prepared by the method of Swingle and Pffifner and 
Hartman. Kendall, as he has reported, has obtained the crystals in sufficient amount to 
permit of their elementary analysis. 

The empirical formula derived is C*° H® O°. 

The dosage required for dogs varies from 1/10 of a milligram to 1/100 of a milligram 
of these crystals per kilogram of dog. A patient with Addison’s disease, weighing seventy 
kilograms, was being maintained in the hospital with a preparation of the cortical 
hormone that provides seven milligrams a day; in other words 1/10 of a milligram per 
kilogram. The medication was discontinued, and five days later the man was in pro- 
found collapse and rapidly approaching the state of adrenal crisis. He was then injected 
with ten milligrams of the crystals with marked immediate benefit, and subsequently, the 
supply of crystals having run out, an amount of solution which contained the equivalent 
of ten milligrams of crystals was given daily and in a few days he had recovered to the 
condition in which he was before the adrenal cortical extract had been stopped. 

Unfortunately, the supply of these crystals is not as yet large enough to permit at- 
tempts to reproduce the syndrome of hypersuprarenalism by their injection. Until we 
have done that we must be careful about interpreting this syndrome. 


Dr. Ropert LEE Payne (Norfolk, Va.).—I would like to direct a few remarks to 
Doctor Crile’s paper and touch especially on his problem of neurocirculatory asthenia. 

It is with considerable trepidation that I try to discuss this paper because of the 
largeness of the subject and the limited amount of my experience. I have done three 
cases of denervation of the adrenals for neurocirculatory asthenia. One case is a little 
over two years old and the result is about all I could have desired. 

The second case was one that had been operated on, before he came into my hands, 
for thyroidism. There was no result obtained. The case was undoubtedly one of neuro- 
circulatory asthenia in the first instance and denervation with favorable results has 
followed. The third case will not be commented upon at this time. 

If we are to accept Doctor Crile’s results from denervation of the adrenal gland in 
neurocirculatory asthenia—and I believe we have some justification, in my own experi- 
ence, to accept it—then there are two difficulties that the rank and file of us who know 
so little about these problems are to meet. One is the technical difficulty, and I think 
that can be simply brushed aside by the statement that it is easily done if you have 
the right instruments. 

The other thing is the question of diagnosis, and the proper selection of the cases. 

Doctor Crile hasn’t given us the help that I think we should all have relative to 
the selection of the proper type of case of neurocirculatory asthenia to denervate. 

First of all, the term neurocirculatory asthenia is a misleading term, in my opinion. 
Aside from the fatigability, the syndrome is not an asthenic syndrome at all. It is one of 
intense sympathetic drive. It seems to me we ought to have some other name by which 
we could more readily understand what the syndrome represents. We might call it 
adrenalinism. We might call it sympathetic otonia. We might very aptly call it Crile’s 
disease. 

In any event, in trying to puzzle this thing out over a period of two and one-half 
years, I and my associates have come to think about it in the following way in an effort 
to evaluate the problem of selection. 

First, we must recognize there is a normal reactive reciprocal relation between the 
sympathetic system and the adrenal content of the blood; secondly, we must recognize 
that this syndrome represents an imbalance between the sympathetic system and the 
adrenalin content of the blood; thirdly, that this imbalance is due to either an overproduc- 
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tion or overactivity of the adrenal gland or an oversensitiveness or hypersensitiveness 
of the sympathetic nervous system. 4 

Regardless of whether we are dealing with an oversensitive sympathetic nervous 
system or hyperactivity of the adrenal gland, the treatment is the same, namely, a reduc- 
tion of the adrenal content of the blood to fit the needs of a normal sympathetic activity. 

To further substantiate, in our clinical experience, that this thing is a sympathetic 
drive certain drugs that stimulate sympathetic activity have been used and their results 
noted. Adrenalin, for instance, in one of our cases gave a most unusual sympathetic 
stimulation and response and seemed to indicate in that particular case almost a pathogno- 
monic test for neurocirculatory asthenia if the condition is predicated upon the theories 
just advanced. 

You all know adrenalin is the most powerful stimulant of the sympathetic nervous 
system we have. In this case, whereas pre-operatively the reaction was very intense 
and distressing, post-operatively there was no reaction except what might be considered 
normal. Secondly, we know atropine will in these cases give a sympathetic reaction, but 
this is an indirect reaction through the parasympathetics because we know they are the 
balance or break or control for the sympathetics. 

We made a further observation in one of our cases that was very marked. This was 
that after one or both adrenal denervations the patient had marked abdominal cramps. 
We attributed this to the fact that we had withdrawn, after one operation, a portion of 
the sympathetic preponderance and the parasympathetics which had been underneath were 
beginning to come to the top. We knew the patient prior to this could not take atropine 
without distress and afterward atropine gave relief of cramps. 


Dr. EARLE DrRENNEN (Birmingham, Ala.).—Although carbohydrate metabolism is at 
present confused and poorly understood, nevertheless the symptoms of marked hypogly- 
cemia are well known. That these symptoms may be due to an overproduction of insulin 
was first pointed out by Harris, in 1924. In mild cases, the symptoms are usually, nerv- 
ousness, sweating, tremor and weakness. In severe cases, convulsions and loss of con- 
sciousness may result. 

There are many striking similarities between the diseases of the thyroid gland, and 
those of the pancreas. It was not surprising, therefore, that hyperfunctioning adenomata 
of the pancreas should be found in some cases of hyperinsulinism. Their removal has 
been attended by brilliant success and clinical cure. 

However, in some of the reported cases where no tumor was found, and where only 
about one-half of the pancreas was removed at operation, improvement resulted, but the 
results have not been striking. This is comparable to incomplete operations for hyper- 
thyroidism. 

It is in this connection that we wish to suggest that a more radical removal of 
pancreatic tissue will probably result in curing these cases where no tumor is present. 
The pathology in these cases has not yet been worked out. The literature of the applica- 
tion of surgery to hyperinsulinism is wholly American to date, and less than a score of 
operated cases have so far been published. 

In a recent case, where we had the opportunity of operating, the patient was a mar- 
ried woman of thirty-four years of age, and had suffered for more than a year from 
recurring attacks, which she called “weak trembling spells.’ They came every four to 
six weeks and were accompanied by slight fever, nausea and vomiting, and continued for 
several days. In one attack the patient lost consciousness. Her symptoms were always 
temporarily relieved by taking food. 

In addition, she suffered from constant pain and tenderness over the pancreas, the 
greatest point of tenderness being in the epigastrium, just to the left of the mid-line. She 
had a fasting blood sugar of fifty milligrams. There were occasional traces of sugar in 
the urine. Otherwise, the laboratory findings were essentially normal. She was treated 
medically for several months without improvement. 
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At the operation, the whole of the pancreas, except the head, was mobilized. After 
a thorough and somewhat prolonged search, no tumor could be found. About four-fifths 


’ of the pancreas was removed, the line of division being well to the right of the mesenteric 


vessels. The wound healed kindly and all discharge ceased in three weeks. The nausea, 
vomiting and pain subsided at once, and the patient has remained free from symptoms 
up to the present time (four months since operation). She has also gained twelve 
pounds in weight. 

You will see from the glucose tolerance test before operation that the curve resembles 
somewhat the curve of a diabetic. We also remember that she occasionally had a trace 
of sugar in the urine. This patient is probably a potential diabetic. It is entirely possible 
that this patient was suffering from recurring attacks of pancreatitis. The pain and 
fever suggest it. Section of the pancreatic tissue removed at operation showed only an 
estimated enlargement of acini. However, Allen has shown in dogs that extensive injury 
to the pancreas is completely repaired, leaving no microscopical evidence at a later 
examination. 

To revert again to the thyroid analogy, you will recall, in some cases of chronic 
thyroiditis, that the inception of the disease was accompanied by increased basal metabo- 
lism, and later, as the inflammation destroyed the secreting epithelium, a marked hypo- 
thyroidism resulted. Just so, in a case of chronic pancreatitis, there might be increased 
production of insulin in the beginning, with a later diminution, as the disease progressed, 

In conclusion, we wish to suggest that some of these cases of hyperinsulinism may be 
due to chronic pancreatitis, and that in cases of severe hypoglycemia where no tumor 
can be found, a large part of the pancreas should be resected. 


Dr. Epwin Beer (New York, N. Y.).—In connection with Doctor Walter's presen- 
tation, I would be interested in knowing in those cases associated with hyperplasia of the 
adrenal cortex to what extent excision is carried out, as repeated operations if insufficient 
cortex has been removed, must be difficult and hazardous. Moreover, in experimental 
work it seems as if a very small piece Of cortex was sufficient to control the hormonal 
activity, particularly perhaps the electrolytic bodies, such as sodium and potassium. 

In excising the cortex in human beings, one regularly removes the medulla, and in 
gauging the amount to be removed in such syndrome as was just shown, associated with 
hyperplasia of the cortex, one must realize that one is removing not only cortex, but 
medulla. 


Dr. WALTMAN Watters (Rochester, Minn.).—I believe, on the basis of the earlier 
work of Collett, and of Holmes and on the basis of our experience, that we can dismiss 
as answered the problem of whether hyperfunctioning adenomas or tumors of the supra- 
renal cortex produce the suprarenal cortical syndrome, and whether removal of them is 
followed by disappearance of the syndrome. 

I think, as the discussers have stated, that the problem which presents itself is the 
relationship of hypertrophy and hyperplasia of the cortex of the suprarenal gland to 
the clinical picture described, and its differential diagnosis from basophilic adenoma of the 
pituitary body, as described by Cushing. The fact that basophilic adenomas of the 
pituitary body were not present in our two cases in which diffuse hypertrophy and hyper- 
plasia of the suprarenal glands was present led us to speculate on a possible analogy be- 
tween this condition of the suprarenal glands and the diffuse hypertrophy and hyperplasia 
of the thyroid gland in exophthalmic goitre. With hypertrophy and hyperplasia of the 
suprarenal glands, as with hypertrophy and hyperplasia of the thyroid gland, the clinical 
manifestations of overfunction are similar, although not identical to those which may 
result from the presence of adenomas in the glands in question. 

In regard to resection of hypertrophied, hyperplastic suprarenal glands, | think, as 
Doctor Churchill said yesterday relative to hyperplastic parathyroid bodies, and as 
was intimated today, we must be content with reduction in the mass of hyperfunctioning 
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tissue. That is what we have done in two such cases, not trying to separate the cortex 
from the medullary portion of the glands. As a matter of fact, we removed half of the 
left suprarenal gland and practically all of the right in Case VIII of the report which 
I gave today. 

In so far as the problem is related to primary lesions of the suprarenal gland there 
are many variants in the clinical picture. For example, a young woman had a large 
encapsulated carcinoma of the right suprarenal gland successfully removed two years ago. 
She had some of the symptoms of hyperfunction of the suprarenal cortex, such as hyper- 
tension and amenorrhcea, yet the buffalo-like type of obesity, hirsutism, and changes in 
the skin were lacking. After removal of the carcinomatous suprarenal gland, in Novem- 
ber, 1932, the woman’s hypertension disappeared, her menses became normal, and she has 
remained well and without evident recurrence. Pathologically, this was an encapsulated 
adeno-carcinoma, grade IV. 

I think the points Doctor Shipley brought out regarding the advantages of a trans- 
verse abdominal incision are important and the approach to the suprarenal glands through 
such an incision is worth trying. It has the advantage of eliminating the possibility 
of an aberrant suprarenal gland, as Kolodny has reported, when the same syndrome is 
present and the suprarenal tumor is within the peritoneal cavity. It also gives one an 
opportunity not only to compare the suprarenal glands at the same time, but to examine 
the liver for metastasis and the ovaries, which occasionally are the site of a testicular 
cell type of tumor, the arrhenoblastoma. It is possible to palpate the ovaries fairly satis- 
factorily through a lumbar incision, by opening the peritoneum, but comparison of the 
suprarenal glands necessitates the two incisions. Use of the two incisions is time- 
consuming, but I believe they give a more direct approach to the suprarenal glands, and 
a clearer view of the entire gland, than can be obtained otherwise. 

In answer to Doctor Lahey’s question as to the pre-operative differential diagnosis 
between lesions of the suprarenal gland and the basophilic pituitary adenomas, we believe 
that if there is no clinical or radiological evidence of a pituitary tumor, the suprarenal 
glands of patients who present the clinical syndrome should be explored. 

We believe it necessary that sufficient amounts of the suprarenal cortical hormone 
be available so that it can be given immediately after the operation and so that administra- 
tion can be continued if necessary. In Case I of the report I gave today, temporary supra- 
renal insufficiency was controlled by the use of intravenous infusions of physiological 
saline solution and the cortical hormone. 


Dr. GeorGE CRrILE (Cleveland, Ohio).—In my great haste I failed to make clear 
that I was referring only to cases of pathological physiology of the adrenal glands; I was 
not including tumors of the gland. 

I would like to add a little word of warning in regard to the examination of both 
glands. The post-mortem examination in two of our cases showed that even a slight 
manipulation of the adrenal gland may produce apoplexy in the cortex. The vessels are 
numerous and light, and I want to give a warning, based upon our own experience, 
against ever touching or dealing with both glands at one time. As a matter of fact, I 
believe it is better to let some time elapse after operation on one gland before the other 
gland is touched. 

Now in answer to Doctor Wilder, I want to offer a few remarks. First, adrenal dis- 
ease is a purely pathological disease. In this other group of cases we are dealing with a 
pathological physiology of the adrenal-sympathetic system. 

It is a fact that spinal anesthesia will abate and suspend the symptoms of exophthalmic 
goitre, which, of course, suggests that this disease is an example of pathological physiol- 
ogy, and the adrenal glands themselves are involved in acute hyperthyroidism. I have 
had the opportunity of seeing them in the active living state in cases of hyperthyroidism 
and have seen that they are as greatly affected in their blood supply as is the thyroid 
gland itself. 
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A CONSIDERATION OF POSSIBLE TOXIC AND NERVOUS 
FACTORS IN THE PRODUCTION OF TRAUMATIC SHOCK 


By Wa rer B. Cannon, M.D. 
oF Boston, Mass. 
FROM THE LABORATORIES OF PHYSIOLOGY IN THE HARVARD MEDICINE SCHOOL 

IN DISCUSSING a condition so complex as traumatic shock, and so beset 
by theories, we shall do well to start with a review of the generally accepted 
facts. The facts which I shall recite will refer, for the present, to delayed 
shock, the usual form, which becomes evident some hours after a severe 
injury. 

PRIMARY AND SECONDARY PHENOMENA IN SHOCK.—The phenomena of 
shock may be separated into a primary phenomenon and those which are sec- 
ondary and subordinate. If the primary condition is present it explains the 
secondary, because the secondary conditions are the natural results of the 
primary. The central problem, therefore, is that of defining the primary 
feature and explaining it. 

The obvious primary feature of shock is the low arterial pressure. Clinical 
and experimental observations have shown that the systolic pressure may fall 
to approximately eighty millimetres of mercury and still maintain an adequate 
blood flow if the individual remains quiet. When the pressure falls below a 
critical level of seventy-five or eighty millimetres of mercury and remains 
below that general level for an hour or more, certain secondary phenomena 
begin to appear, such as reduction of the basal metabolic rate and a lessening 
of the alkali reserve due to appearance of non-volatile metabolites.’ These 
effects naturally follow when, because the arterial pressure drops below the 
critical level, the rate of blood flow is diminished to such a degree that the 
oxygen delivery is insufficient for tissue needs. In addition, sweating occurs, 
the skin is cold and may have a dusky appearance, the fingernails are bluish, 
the pulse is thready, the heart beats rapidly, the respiration shallow and feeble 
is occasionally interrupted by sighs, thirst is prominent but the taking of 
fluid is likely to cause vomiting, and the patient, with pale lips and an apathetic 
look, is usually weak and toneless. Consideration of these secondary phenom- 
ena, however, need not detain us now. 

THE CAUSE OF THE LOW BLOOD-PRESSURE OF SHOCK.—What is the expla- 
nation of the primary feature of shock, the low blood-pressure? On this prob- 
lem the numerous theories of shock have centred. Three factors may be con- 
cerned : (a) a weakened vigor of the heart; (b) a lessening of vasomotor tone 
so that the capacity of the vascular system is greater than its content and the 
blood is therefore not held under normal tension; and (c) the obverse of this, 
a reduction of blood volume below the minimal capacity of the vascular system 
so that again the capacity is greater than the content. 
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TOXIC AND NERVOUS FACTORS IN TRAUMATIC SHOCK 


The evidence at hand indicates that certainly in the early stages of shock, 
though the blood-pressure may have been low for a considerable period, the 
heart is not seriously damaged. Repeated observations made during the War 
on lower animals and on human beings, in whom a state of shock was present, 
proved that when the volume of circulating fluid is increased and the arterial 
pressure is raised, even rather abruptly, the heart does not fail because of the 
extra work thereby imposed but takes up the task with adequate power.? 
The ability of the heart to meet increased demands, although it has been 
subjected for some time to an inadequate volume flow of blood through its 
vessels because of lowered blood-pressure, is wholly in harmony with other 
evidence of the resilience of cardiac muscle. The testimony is quite definite 
that weakness and lack of vigor of the heart are rarely, if ever, the occasion 
for the low blood-pressure of the shock-state. 

The second factor, loss of vasomotor tone, has played a prominent role 
in the theorizing and experimenting of investigators who have concerned them- 
selves with the explanation of shock. No doubt the shutting-off of vaso- 
constrictor impulses, as, for example, in high transection of the spinal cord 
or in high spinal anzethesia, increases the capacity of the circulatory system 
so that it no longer fits tightly around the contained blood. Thereupon the 
vascular system neither returns the blood to the heart in normal volume nor 
presents to the blood discharged from the heart the usual peripheral resist- 
ance. The arterial pressure, naturally, is reduced. Although the vasomotor 
centre in shock has been assumed to be “exhausted”’ and although the low 
pressure has been ascribed to such exhaustion, there is much evidence against 
it. Among the medullary centres, for example, that governing vasoconstric- 
tion is well known to be especially resistant to such unfavorable conditions 
as lessened blood supply. There are numerous observations, aiso, which prove 
that in the early stages of shock, when the blood-pressure is falling, the 
peripheral vessels are, because of reflexes from the carotid sinus, constricted 
instead of being relaxed; that even in the late stages of shock the centre can 
respond with greater activity when stimulated by afferent impulses; and that 
the supposed pooling of blood in the capacious splanchnic area, because of 
loss of vascular tone, is a myth. As already noted, a prolonged low blood- 
pressure is attended by a deficient supply of oxygen to the tissues. Undoubt- 
edly nerve cells are peculiarly sensitive to lack of oxygen, and therefore per- 
sistence of the state of shock may result ultimately in a loss of vasomotor 
tone. The morphological changes which have been emphasized as indicating 
exhaustion of nerve cells are quite reasonably explained by persistent relative 
ania. 

The remaining factor to be considered in explaining delayed shock is that 
of reduced blood volume—a reduction below the minimal capacity of the 
blood vessels, i.c., below the ability of the neurovascular system to contract 
further and press upon the small quantity of blood that is left. There is 
abundant evidence that in delayed shock the blood volume may be greatly 
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reduced. In clinical studies carried on by Keith’ during the War the reduction 
ranged from 15 to nearly 50 per cent. An analysis of his cases showed that 
if the drop was less than 20 per cent., the systolic pressure remained aboye 
100 millimetres of mercury and the condition might be compensated for by 
passage of fluid into the vessels from the tissues; that when the drop ranged 
between 25 and 35 per cent. the blood-pressure was usually between seventy 
and eighty millimetres and the condition was worse, with the patients pale, 
restless, thirsty and vomiting; and that when the drop was more than 35 
per cent. the pressure might be as low as sixty millimetres and the outlook 
was then extremely serious. Keith’s observations relating a low blood-pressure 
to a reduced blood volume correspond roughly to earlier studies and estimates 
made by Robertson and Bock.* In experimental shock, likewise, Gasser, 
Erlanger and Meek® noted that however the state was induced the quantity 
of circulating blood was decreased. The reduction was not observed solely 
in extreme shock, but began to appear soon after the shock-inducing pro- 
cedure was started. In some animals the typical low pressure developed when 
the blood volume was lessened not more than 17 per cent. From all the 
foregoing evidence the conclusion is reasonable that reduction of blood volume 
is the immediate factor in establishing the low blood-pressure of delayed shock. 
The next question to be answered is directed toward learning of possible con- 
ditions which may diminish the quantity of circulating blood. 

Mopes oF Repucinc BLoop VoLuME.—Hemorrhage is, of course, the 
simplest and most direct way of reducing the blood volume. The resemblance 
between traumatic shock and the results of serious hemorrhage led older ob- 
servers to remark that “Hemorrhage is shock and shock, hemorrhage.” Al- 
though there are minor differences between the two conditions, that statement 
is surprisingly coincident with the evidence now in hand. The striking effect 
of hemorrhage, even when slight, in augmenting the state of shock emphasizes 
the close relation between reduction of blood volume by hemorrhage and re- 
duction by some other condition or conditions. 

Traumatic Toxemia.—During the War much emphasis was laid upon a 
supposed toxic factor as a means of reducing the blood volume. As a rule 
the observations did not extend to an actual study of the quantity of the cir- 
culating blood, but merely went so far as to suggest a relation between a pos- 
sible toxic factor and the state of shock. Both French and English clinical 
observers reported that shock was associated with extensive damage to tissues 
and with multiple wounds scattered over the body. Even under these circum- 
stances shock did not come on promptly but only after delay. It was noted 
that when conditions were favorable to absorption from a damaged area, as, 
for example, when the traumatized region communicated with the surface 
by only a small orifice, shock was likely to develop. Furthermore, Quénu® 
and others found that any means employed to delay or check absorption from 
the injured part delayed or prevented the development of shock—for example, 
a tourniquet was protective when used to separate a crushed foot from the 
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TOXIC AND NERVOUS FACTORS IN TRAUMATIC SHOCK 


rest of the body. Removal of the tourniquet, on the contrary, was followed 
after some hours by an onset of the shock state. Finally, suppression of the 
injured region, if not too long delayed, caused shock to disappear. Thus 
cutting away the damaged tissue by débridement, or even tying a tourniquet 
around a limb so badly smashed that amputation seemed inevitable, was fol- 
lowed, as noted by McNee and his associates,’ by rapid and maintained im- 
provement. In support of these observations was evidence adduced by Bayliss 
and myself* that pointed to a toxic factor in shock experimentally induced in 
cats. We reported experiments in which tissue damage resulted, first, in a 
gradual and finally persistent lowering of arterial pressure; second, in a re- 
covery of pressure when the injured region was isolated from the rest of the 
body; and finally, in a failure of the pressure to fall so long as the vessels 
to the injured region were blocked. These results were regarded as»analo- 
gous to the hypotensive effects produced by tissue extracts when injected in- 
travenously and were specifically attributed at the time to a possible liberation 
from the damaged structures of substance having a histamine-like action, for 
Dale and others (see ?, p. 152) had shown that histamine occurs in tissues and 
that when injected in minute amounts it has quite remarkable effects in re- 
ducing the amount of circulating blood and in lowering blood-pressure. 

Our observations were confirmed by Cornioley and Kotzareff® in experi- 
ments on guinea-pigs and rabbits whose blood, they declared, became toxic to 
normal animals, and by McIver and Haggart!® who induced shock in a second 
cat by crossed circulation from a cat in which tissues were damaged, and also 
by Freed! who has reported that moderate tissue injury produces definite and 
usually fatal shock in rats deprived of their adrenal glands but does not have 
that effect in normal rats. Other observers, however, have adduced consider- 
able experimental evidence against the theory of traumatic toxemia. Thus 
Thorpe!” has found that skeletal muscles contain an exceedingly small amount 
of histamine (a supposed cause of the low pressure )—a much smaller propor- 
tion than in any other tissues examined. Smith’? and also Parsons and 
Phemister!* were unable to demonstrate any toxic substance carried by the 
blood-stream from an injured area, or derived from damaged muscles ; and 
they attributed the fall of blood-pressure, in such experiments as Bayliss and 
I performed, to extravasation into smashed tissues. Likewise, Blalock, Beard 
and Johnson’ estimated that in dogs the loss of blood and fluid into the 
traumatized region and its neighborhood is sufficient to account for the reduc- 
tion of blood volume. Bayliss and I did not overlook that possibility ; but 
our conclusion after comparing in cats the weights of injured and uninjured 
limbs, symmetrically excised, was that the segregated blood did not explain 
the incidence of shock. Finally, Simonart,'® although confirming the onset 
of shock after muscle damage, inferred that the fall of pressure was caused 
by afferent impulses from the swollen parts, because it did not occur in his 
animals if afferent nerves had been cut—a result contradictory to my own 
observations and those of Parsons and Phemister. 

The experiments just cited are certainly unfavorable to the idea that a 
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toxic factor is operating in the production of shock. It may be pertinent to 
suggest, however, that discrepancies between results obtained by Bayliss and 
myself in 1917-1918 and those obtained by later experimenters should not be 
taken as disproving the possibility of a traumatic toxemia. \Ve were using 
war-time animals, often ill-nourished derelicts, in which shock was produced 
with exceptional ease. Moreover, we were working on cats, an animal which, 
in my experience, succumbs to severe injury much more readily than the dog, 
the animal chiefly employed by most recent investigators. But such differ- 
ences would have minor significance if there were direct, convincing, positive 
evidence that a vasodepressive toxin derived from dying tissues induces shock, 
or if, on the other hand, there were good proof that such toxic material 
could not exist. The positive evidence is lacking. It is opposed by negative 
evidence. Meanwhile, we have long known that tissue extracts when injected 
cause a fall of blood-pressure ; we have learned that histamine, or a substance 
acting like it, is present in considerable amount in some structures of the 
body, and, as Dale, Laidlaw and Richards showed, causes conditions closely 
resembling wound shock; and recently we have heard from the biochemists 
that when muscles, for example, are damaged and are disintegrating, adenosine 
and its natural complex, adenylic acid, are set free and may have marked vaso- 
depressive influence as well as inducing a leucocytosis. And even though we 
may not have devised experiments which demonstrate the presence of any 
shock-inducing chemical agent, there still remains the clinical testimony, men- 
tioned above, that material absorbed from dead and dying tissues and dis- 
tributed in the organism may be toxic—so toxic as to play a role in lessening 
the quantity of circulating blood. It seems unwarranted, therefore, to ex- 
clude from further consideration the view that traumatic shock may be, at 
least in part, a resultant of toxzemia. 

Evidence for a Nervous Factor.—I\t must be admitted that the emphasis 
laid on a possible toxic cause of wound shock, and also the supposition that 
any nervous agency must operate quickly, resulted in a failure to consider 
certain conditions which were universally admitted to be contributory to the 
development of the shock state. Thus, continued pain, prolonged exposure to 
cold, persistent fear and other great emotional excitement, and likewise rest- 
lessness, were all recognized as favorable to the induction of shock. 

Every one of the above-mentioned conditions involves special activity of 
the nervous system, and particularly the sympatho-adrenal apparatus. In 
looking back over experiences with seriously wounded men during the War, 
one is struck by the failure of observers to pay proper attention to the effects 
which might be produced by these nervous factors. Such factors had been 
suggested years before. In 1909, Malcolm'* put forth the view that in 
shock the arteries are over-contracted and assumed that the lessened capacity 
of the circulatory system would press the plasma out of the vessels into the 
tissues. He failed to account, however, for the primary vasoconstriction on 
which he based his argument. In experimental shock, likewise, Seelig and his 
collaborators’ reported definite evidence that in shocked ‘animals the blood- 
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yessels are clamped down on their contents. Also Erlanger and his asso- 
ciates?’ called attention to the fact that in all types of experimental shock 
which they studied vasoconstriction was present; indeed, they suggested 
that the causative factor was the “reduced circulation brought about possibly 
through the action of pain stimuli, and of a certain amount of hemorrhage, on 
the vasoconstrictor mechanism.” In support of this view, Erlanger and 
Gasser?! demonstrated that a decrease in the quantity of the circulating blood 
could be produced by injecting rather large doses of adrenalin continuously 
for periods lasting nearly a half hour. They did not succeed, however, “either 
by direct or reflex stimulation of the vasoconstrictor center in inducing in 
animals a peripheral constriction of the duration that was necessary, in their 
experience with other methods, to start the animal on the road to shock.” 
It is to the credit of Norman Freeman? that he perceived that not only pain 
but also the other factors (exposure to cold, great emotional excitement, 
asphyxia and hemorrhage) recognized as contributory to the shock state, or 
likely to aggravate it 1f present, have one physiological action in common 
—they are all effective in evoking hyperactivity of the sympatho-adrenal 
system** and thereby causing, except in the heart and in skeletal muscles, a 
pronounced and extensive vasoconstriction. 

The problem which confronted Freeman was that of determining the 
effects on blood volume of prolonged sympatho-adrenal hyperactivity. As a 
means of provoking such prolonged effects, I suggested the use of an animal 
manifesting sham rage. In 1925, Britton and I** had reported that if under 
brief ether anesthesia the cerebral cortex is swiftly destroyed, the cat, on re- 
covering from the ether, will display to a supreme degree the physiological 
phenomena of rage, with lashing of the tail, protrusion of the claws, tugging 
at the thongs, dilation of the pupils, erection of the hairs of the back and 
tail, pouring out of sweat on toe pads, increase of blood sugar, rapid heart 
rate, rise of blood-pressure, and greatly increased secretion of adrenine. The 
sympatho-adrenal system, in short, is stimulated in a natural manner continu- 
ously and excessively for two or three hours, until the animal succumbs. The 
central question to be settled was whether this lasting display of unusual sym- 
patho-adrenal function is associated with a decrease in the amount of circulat- 
ing blood. 

Careful tests of blood volume demonstrated that the spontaneous emo- 
tional activity of the pseudaffective state does in fact result in a fall in the 
blood volume. in fifteen experiments the fall averaged approximately 22 per 
cent. Not only was there a decrease of the fluid elements, but the corpuscular 
elements of the blood were likewise segregated from the general circulation. 
It is of interest that Freeman* succeeded also in bringing about a lowering of 
the blood volume as much as 27 per cent. by injecting adrenalin continuously 
for about two hours, at the physiological rate of the output from the adrenal 


* A still unpublished critical examination. by Gregersen, of methods for determining 
plasma volume in successive tests has shown that it would be reasonable to increase Free- 


man’s estimates betwten 10 and 20 per cent. 
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glands in response to “‘painful” (7.c., afferent) stimulation.  [rgotoxine js 
known to block the vasoconstrictor effects of both adrenine and sympathetic 
nerve impulses. Experiments demonstrated that after ergotoxine neither 
the injection of adrenalin nor sham rage caused a decrease of blood volume; 
in spite of all possible evidences of the presence of the pseudaffective state, 
such as extrusion of claws, panting, and lashing of the tail, the quantity of 
circulating blood was not lessened. The conclusion was justified, therefore, 
that sympatho-adrenal stimulation was responsible for the phenomenon, 

Another test proving that hyperactivity of the sympatho-adrenal system 
was the primary condition for bringing about the reduced amount of blood 
in currency and the consequent lowered blood-pressure was performed on 
completely sympathectomized animals. Here again, although the signs of 
sham rage were persistently present so far as they could be in an animal 
without the sympathetic system, the blood volume failed to fall. Furthermore, 
at the end of five hours the blood-pressure was still maintained at its original 
level, whereas usually, when the sympatho-adrenal system was present, the 
blood-pressure dropped to a shock level within two or three hours, as the 
blood volume decreased. Finally, the significant observation was made by 
Freeman that prolonged vasodilation and low arterial tension, caused by con- 
tinuously stimulating the depressor nerve, does not decrease the quantity of 
blood in the vessels. 

In the experiments reported by Freeman the area of traumatized tissue 
within the brain was largely excluded from contact with flowing blood because 
the carotid arteries were tied. Traumatic toxemia, therefore, was a minimal 
factor if present at all. The absence of reduction of blood volume in com- 
pletely sympathectomized animals manifesting sham rage indicates, likewise, 
that a toxic factor was not operative. Furthermore, the experiments are not 
to be explained by local loss of blood or fluid into the traumatized area. 
There was no injury of the tissues whatever in the experiments with pro- 
longed injection of adrenalin, and the trauma in the experiments with sham 
rage was solely in the cranial cavity where swelling of the tissues is definitely 
limited. Also, the damage done to the brain in the sympathectomized animals 
was essentially the same as that in the normal animals, and yet the blood 
volume was not reduced. Neither a toxic factor, therefore, nor a hemor- 
rhagic factor, was present. The explanation offered by Freeman for the 
drop in blood volume was an increased capillary permeability resulting from 
more or less asphyxia®® due to prolonged contraction of the arterioles, espe- 
cially in parts of the body (e.g., the skin and the gastro-intestinal tract ) where 
vasoconstriction is prominent. This might cause a concentration and prob- 
ably a stagnation of the corpuscles in the capillaries. The dusky appearance 
of the skin, the bluish fingernails, the high corpuscular counts in superficial 
areas (commonly observed in wounded men during the War),?° and the 
clogging of the capillaries of the intestinal villi, noted by Erlanger and his 
collaborators in experimental shock, would thus receive a plausible ex- 
planation. 
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While causing splanchnic and cutaneous vasoconstriction, however, the 
sympatho-adrenal system induces also dilation of the blood-vessels of skeletal 
muscles,2* where the capillary bed, as Krogh?* has shown, may be enormously 
increased by the opening of closed channels. Ordinarily the redistribution of 
blood thus effected is associated with an outpouring of fluid through capillary 
walls to spaces between the muscle fibres. But ordinarily it is associated also 
with such muscular activity as would pump this fluid onward into lymphatics 
which would return it to the general circulation. In early stages of shock 
relaxed arterioles in muscles would result in a greater filtration pressure in the 
recipient capillaries, and this would naturally lead to the passage of fluid from 
the blood to the perivascular intermuscular spaces. At the same time, because 
of absence of considerable bodily movement in injured men, the fluid would 
be left there instead of being restored to currency. Thus the blood volume 
might actually be more reduced by greater filtration into muscles, where 
vessels are unduly dilated, than in the skin and viscera, where vessels are 
unduly constricted. In late stages of shock, when the blood volume has 
been reduced, the increased capacity of the dilated vascular area in muscles, 
which remain idle, might play a significant part in the diminishing return of 
blood to the heart. It is of interest to note that Starling?® also has suggested, 
for other reasons, a segregation of blood in the muscles. The possibility of 
explaining thus the whereabouts of the elusive “lost blood” of shock obviously 
calls for further observations. 

The view that excessive and prolonged sympatho-adrenal activity may 
produce shock by reducing blood volume may explain certain mysterious condi- 
tions which have been baffling. I have in mind instances of death because of 
great fear or because of horrifying experiences. Cuthbert Wallace,*° who had 
large acquaintance with war wounds, has written of cases of shock in which 
the initial injury was comparatively trivial or even negligible. He mentions 
specifically two wounded men whose cases came to his attention. “One was 
buried by the explosion of a shell in a cellar, the other was blown up by a 
buried shell over which he had lighted a fire. Both exhibited all the classic 
symptoms of shock, which lasted over forty-eight hours; in both treatment 
was of no avail. In neither did the post-mortem examination show any gross 
lesion.” Explanation of such cases is difficult in other than terms involving 
the activity of the nervous system. 

As mentioned above, emotional excitement is only one of the conditions 
which may induce extra activity of the sympatho-adrenal system. Pain, cold, 
asphyxia, hemorrhage, and low blood-pressure itself have the same effect. 
Manifestly these states are often present at the same time and therefore would 
codperate in producing shock. It is known, furthermore, that as the blood- 
pressure falls in the shock state and the organism reacts to diminishing pres- 
sure by increasing vasoconstriction, there is, to be sure, a continuance of the 
blood flow in the heart and central nervous system, but at the same time a 
gradually reduced flow elsewhere. Gesell*! found that a loss of about 10 per 
cent. of the estimated blood in the body lowered the flow in the submaxillary 
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gland, for example, by Go per cent. Thus a vicious circle is started which, 
unless interrupted, is sure to render the state of the circulation progressively 
worse because of the progressive further reduction in the blood volume that 
ensues. 

During the War, recognition of the fact that shock is due to lowered 
quantity of blood in circulation led to transfusion as a means of treatment. 
If the role of prolonged activity of the sympatho-adrenal system in reducing 
blood volume is admitted, the evidence is clear that transfusion would, in a 
quite reasonable manner, break into the vicious circle which is established by 
the low blood-pressure, for it would lessen the constriction of the vessels am 
also the consequent shock-producing anzemia of the tissues. As transfusion 
would set aside one of the cooperating conditions favorable to the incidence 
or continuance of shock, warmth would set aside another, 7.¢., the influence 
of cold in causing vasoconstriction. The efficacy of moderate warmth in the 
treatment of shock was abundantly illustrated in War experience. Still an- 
other point made reasonable by the view that excessive activity of the 
sympatho-adrenal system may produce or augment shock is the early use 
of morphine to lessen pain, fear and restlessness. All three conditions are 
associated with increase of sympatho-adrenal function, and therefore con- 
tribute to establishing a state which reduces the volume of circulating blood— 
and morphine helps to set them aside. 

The foregoing survey of recent developments of ideas concerning shock 
emphasizes the importance of recognizing the involvement of and_ possible 
cooperation of various factors which may produce it. I still believe that a 
toxic factor may operate in certain conditions, and it seems highly probable 
a possible inhibition of vasoconstrictors 


also that there are nervous factors 
and stimulation of vasodilators in acute circulatory collapse, and more cer- 
tainly a prolonged activity of the sympatho-adrenal system when conditions 
are present which bring that system into operation. In delayed shock, 
whether due to a toxic factor or to a lasting vascular spasm, or both, the 
result is a reduced blood volume. In either state, of course, hemorrhage plays 
an accessory role, for thereby the blood volume is reduced by direct loss; 
and circumstances which cause discharge of body fluid in sweat, or lead to 
water deprivation for a long period, are indirect contributors to the same end. 

I trust that no one will assume that any attempt is here made to say a final 
word on the problem presented by traumatic shock. We have had it with 
us for many decades, and we may have it with us always. Perhaps we 
should not be so pessimistic, however, but should have faith that efforts to 
learn the truth, even though they may be rather blind and groping and inde- 
cisive, will prove to have been helpful in reaching the final solution. 
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By Datuas B. Puemister, M.D., ann Huserta Livincstonr, M.D, 
or Cuicaco, IL. 
FROM THE DEPARTMENT OF SURGERY OF THE UNIVERSITY OF CHICAGO 

Tue word “shock” was formerly used in the medical sense to define a 
state of acutely and severely reduced metabolism brought about through the 
nervous system by depression of circulation and, to a lesser extent, of respira- 
tion, from a severe bodily or psychic blow. Its meaning has been gradually 
expanded, especially in recent years, until at present it covers states of acute 
vascular circulatory failure that are brought on or contributed to by a variety 
of causes, two or more of which are often active at the same time. This has 
led to a good deal of confusion in attempts at classification. The term “pri- 
mary shock” has been reserved for those cases that develop rapidly and are 
brought about by activity of the nervous system, being almost synonymous 
with the original medical meaning. “Secondary shock” has been applied to 
those cases in which the changes are initiated by other blood-pressure lower- 
ing factors, as reduction in body fluids especially hemorrhage, anesthesia, 
bacterial toxins, mechanical interference with large areas of circulation, ex- 
tensive local cedema, and certain endocrine disturbances. It has been recog- 
nized that at any stage of the syndrome secondary shock may be superimposed 
on primary shock or vice versa. . 

This report is concerned with a clinical study of shock in an endeavor to 
determine the extent to which it is brought about through the nervous system, 
whether acting alone or in combination with other factors, either early or 
late. The mechanism of operation of the nervous system in the production 
of shock is incompletely understood. It may be through mental action on 
centres in the medulla, producing so-called “psychogenic shock,” or through 
the direct action of sensory impulses coming by way of somatic or autonomic 
nerves on centres in the medulla producing so-called ‘‘neurogenic shock.” So 
far as vasomotor changes are concerned, they have been variously regarded 
as an exhaustion or an inhibition of the vasoconstrictor centre, or a stimula- 
tion of the vasodilator centre. 

PsycHoGENIC SHock.—The reaction of psychogenic shock is seen in its 
simplest form in syncope resulting from psychic distress or physical pain 
without associated injury of tissues of any appreciable extent. Thus, a 
patient faints at the sight of a severe accident or from the prick of a needle. 
A feeling of weakness develops, the blood-pressure falls, the pulse rate slows 
and respirations become slow and shallow. Pallor develops and if the erect 
position is maintained, unconsciousness supervenes. This brings the patient 
into a recumbent position, which soon restores cerebral circulation adequate 
for the recovery of consciousness. If the depressing influence has been 
sufficiently dispelled there is a gradual recovery of circulatory and other 
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If not, the symptoms may continue for a more or less indefinite 
Fig. 1 shows the fall in blood-pressure and pulse rate in a twenty- 


activities. 
period. 
eight-year-old man who fainted when blood was drawn for a Wassermann 
test. Vena-punctures twelve and fifteen minutes after the initial puncture 
were doubtless influential in prolonging the state of depression, during the 
succeeding twenty-five minutes that the patient was observed. 


Blood Pressure Doring Syncope 
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Fic. 1.—Fall of blood-pressure and bradycardia during syncope. 

That a psychic influence of this sort is operative in cases of early fall in 
blood-pressure and bradycardia in major wounds and operations has long 
been recognized. Such patients are practically always in a recumbent posi- 
tion. Consequently the blood supply to the brain is not reduced to a point 
that will produce unconsciousness except in extreme cases. However, the 
blood-pressure may be very low, the pulse slow, and the respirations shallow, 
slow and sighing. This was shown in the following case of operation under 
local anesthesia. 

A male, aged forty-seven years, was operated on for a chondroma of a carpal 
phalanx under % per cent. novocaine nerve block anesthesia. He was very apprehensive 
and greatly frightened at the sound of chiseling, although no pain was experienced. 


The blood-pressure, 148/80 millimetres of mercury at the beginning, fell to 66/44 milli- 
metres of mercury in eight minutes, and gradually recovered in fifteen minutes as the 
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operation was finished. There was slight bradycardia. At a second operation on the 
same finger performed under ethylene anesthesia, there was no fall in blood-pressure. 


When, in injuries, the syncope reaction is prolonged and combined with 
other blood-pressure lowering causes, as hemorrhage, respiratory embarrass- 
ment or exposure to cold, it may become an important factor in the precipita- 
tion of shock. In the following case of crushing injuries with primary shock 
the most important cause appeared to be psychic, although hemorrhage and 
respiratory embarrassment from fractured ribs played a role. 


A fifty-four-year-old woman was struck on the left side by a rapidly moving auto- 
mobile. On admission to the hospital fifteen minutes later, she was conscious, but 
anxious and restless. She was in great pain and had shallow breathing at the rate 
of thirty per minute. Examination revealed numerous contusions of the left half of 
the body, fractures of the left clavicle, scapula, second to ninth ribs, tibia and fibula, 
and emphysema of the left chest-wall. No evidence of internal hemorrhage could be 
detected. Fig. 2 shows the blood-pressure and pulse changes. During the forty-five 
minutes following admission, while physical and rontgenological examinations were 
being made and the blood was being matched, the blood-pressure declined from 100/64 
millimetres of mercury to 60/40 millimetres of mercury, and the pulse ranged from 
seventy-six to seventy per minute. Respirations were unchanged. She was then given 
300 cubic centimetres of saline intravenously followed by 400 cubic centimetres of blood: 
1,200 cubic centimetres of saline were then given by hypodermoclysis. The blood- 
pressure rose to 130/70 millimetres of mercury within an hour, and remained elevated 
despite a stormy convalescence. A left pleural effusion developed and aspiration one 
week later yielded 500 cubic centimetres of fluid which, according to red-cell count 
and hemoglobin estimation, contained 100 cubic centimetres of blood. There was an 
estimated blood loss of 200-300 cc. in the contused and fractured areas. The blood loss 
along with the embarrassed respirations must have played some role in the causation of 
the primary shock, although the psychic factor much precipitated by the pain seemed to be 
the most important cause. 


In patients with significant cardiac or cardiovascular disease, a psychic 
shock, as the receipt of very bad news, may rarely be of serious import and 
even cause death. But it is extremely doubtful if a purely psychic shock ina 
healthy individual ever causes death. There is the case long cited in the 
literature of a criminal sentenced to exsanguination, who, while blindfolded, 
died of fright when his arm was scratched and water which was poured on it 
dripped into the bleeding bowl, produced the sound of escaping blood. How- 
ever, it lacks modern scientific verification. 

Fright, when combined with major injury or operation, may be an im- 
portant factor in the cause of shock, and assist greatly in bringing about a 
fatal termination. The combination of the continued psychic influence on 
the circulation, the anesthesia, the operative procedure, and the post-operative 
pain, may lead to shock which terminates fatally. This has been the un- 
fortunate outcome with sufficient frequency in patients who are thoroughly 
convinced that if operated on they will die, that many experienced surgeons 
refuse to operate under the circumstances. 

NEvuROGENIC SHocK.—Pure neurogenic shock, independent of psychic 
influence, has received a great deal of consideration, but it is much more 
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Crushing Injuries - Chest and Limbs 
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Fic. 2.—Primary shock from crushing injuries mainly psychogenic but 
due partly to disturbed respirations and loss of blood. 
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Fic. 3.—Pulse and blood-pressure changes during 


exploratory laparotomy. 
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Fic. 4.—Pulse and blood-pressure changes during partial gastrec- 
tomy. 
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difficult of demonstration than psychogenic shock and our knowledge of the 
subject is incomplete. 

Injury to brain without either hemorrhage, cedema, or damage to impor- 
tant vital centres rarely brings on shock. Injury to the spinal cord in the 
cervical or high thoracic regions causes an immediate fall in blood-pressure 
due to paralysis of the sympathetic system with the resultant vasomotor dilata- 
tion. When combined with other factors a severe state of shock may arise, 
but when there is cord injury only the acute vascular circulatory decline js 
usually gradually overcome in the course of several hours and an adequate 
circulation is reéstablished. 

The most definitely established neurogenic cause of the shock syndrome 
is to be seen in connection with operations on the abdomen and particularly 
the upper abdomen for lesions of stomach, duodenum, and biliary system. 
Fall in blood-pressure even to low shock levels with slight bradycardia may 
take place during opening and exploration of the abdomen or during the per- 
formance of the intra-abdominal part of the operation, and in the complete 
absence of blood loss. We have observed it in operations performed under 
local anesthesia, ethylene anesthesia, and ether anesthesia. Hadenfeldt! 
observed it in a less marked degree when spinal anzsthesia was used. The 
blood-pressure usually declines rapidly during the early part of the operation, 
beginning sometimes during the abdominal incision. The pulse rate is either 
unchanged or slightly slower than normal. Respirations may be shallower 
than normal, but usually are not accelerated. In fact, if blood-pressure read- 
ings are not made the degree of the reaction is often not appreciated. The 
blood-pressure usually rises either late in the intra-abdominal procedure or 
during closure of the abdomen and by the time the operation is over it is 
often up to the pre-operative level and the patient is little or none the worse 
off for the occurrence of the reaction. 

A simple exploratory laparotomy may bring it about as shown in Fig. 3. A woman, 
aged fifty-seven years, had hirsutism which was thought to be due to a neoplasm of 
either an ovary or an adrenal gland. The abdomen was opened and explored, especially 
the adrenal regions, but no tumor was found. The blood-pressure fell and a slight 
bradycardia developed for no other known reason than the exploration. At the close 
of the operation they had returned practically to pre-operative levels and convalescence 
was uneventful. 


Four thousand seven hundred thirty-three consecutive major operations 
were studied from the standpoint of shock, each circulatory failure being 
recorded in a “Shock Book.” There were 175 operations on the stomach 
among these, and the blood-pressure fell to eighty millimetres of mercury or 
below in seventeen cases. In fourteen cases the fall occurred within the first 
half hour, usually within fifteen to twenty minutes. Nine of these cases 
had a pulse slower than normal. Fig. 4 shows the reaction during a gastric 
resection for ulcer under novocaine infiltration anzsthesia with very little 
blood loss in a sixty-nine-year-old man. The blood-pressure returned to its 
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pre-operative level soon after operation. In some cases of decline in blood- 
pressure during gastric resection under local anzesthesia a psychic factor aug- 
ments the reaction, especially if some pain and nausea are experienced. This 
may be shown by a prompt elevation of blood-pressure if ethylene is then given. 

Among 209 patients who had operations on the biliary system, nearly all 
under ethylene ether anesthesia, twenty-nine had a marked fall in blood- 
pressure, in twenty of which it was to eighty millimetres of mercury or below. 
In fourteen of the twenty-nine cases the pulse became slower. In fourteen 
it was little changed and in one it was rapid throughout. In twenty-three 
cases the decline in blood-pressure came within thirty minutes, starting 
mainly during opening and exploration of the abdomen and without associated 
hemorrhage. lig. 5 shows the decline in blood-pressure and pulse rate during 
removal of stones from the common duct and cholecystectomy with little blood 
loss on a fifty-nine-year-old jaundiced woman. blood-pressure did not rise 
sharply with closure of the abdomen due largely to the prolonged operation and 
anesthesia, and the chronic jaundice, but a post-operative saline infusion ele- 
vated it and no secondary shock followed. Ransahoff considered pressure on 
the portal vein with damming back of blood in its territory as the cause of this 
fall in blood-pressure. Walters and Bolman? also called attention to down- 
ward pressure on the liver with resultant compression of inferior vena cava as 
a cause of shock in gall-bladder surgery. [Experimental ligation of the portal 
vein causes a rapid fall of blood-pressure and death of the animal within 
approximately an hour from stagnation of blood within portal radicles as 
recently reported by Elman and Cole.* Similarly, clamping or ligation of 
inferior vena cava, or mediastinal emphysema compressing the venz cave as 
shown by Nissen® dams back venous blood and causes death. Neither com- 
pression of the portal vein nor of the inferior vena cava was the cause of the 
low blood-pressure and slow pulse in our cases, as the decline in blood-pressure 
often occurred when there was no pressure whatsoever being made on the 
veins either from palpitation or gauze packs. 

Similar early marked falls in blood-pressure are much less often en- 
countered in operations on the lower abdomen. Thus in forty-five operations 
on the small intestine, the systolic blood-pressure fell below eighty millimetres 
of mercury in only two cases, in both of which ileostomy was performed, 
and they were iv poor condition. ‘There were also two falls in blood-pressure 
to 80 among 310 appendectomies. Resections of the large bowel, including 
the rectum, are more likely to cause a fall in blood-pressure, but it usually 
comes toward the end of the operation, when other factors are active, as 
prolonged anesthesia and operation, loss of some blood, or respiratory em- 
barrassment during the second part of an abdominoperineal excision of the 
rectum. Early vascular circulatory depression is sometimes observed in 
operations on the kidney, ureter and bladder. 

Intra-abdominal manipulation, especially of the intestines, has been held 
to cause local vasomotor paralysis of and accumulation of blood in the mesen- 
teric vessels, bringing on primary shock. We have not observed intestinal 
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congestion in these operations and since the reaction was noted in stomach 
and gall-bladder operations in which bowel was little disturbed, much oftener 
than in intestinal operations, the explanation seems inapplicable. Parsons 
and Phemister 1° manipulated the intestines of anesthetized dogs over long 
periods of time and were unable to produce any considerable increase jn 
volume from vascular congestion. 

The pathways by which afferent nerve impulses might pass from the dis- 
turbed abdominal field to produce the reaction are the vagi, the sympathetics 
and the intercosto-abdominal nerves to peritoneum and abdominal wall. The 
most plausible explanation seems to be that vagus fibres are stimulated and 
carry impulses to the medullary centres although this is not proven. The 
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Fic. 5.—Pulse and blood-pressure changes during biliary tract 
operation. 


method of action of the impulses is a disputed question. They may lower 
blood-pressure by stimulation of vasodilator centres, the importance of which 
is denied by many, as Howell,” and upheld by others, as Rosenbleuth & 
Cannon ;* or by inhibition of the vasoconstrictor centre. Exhaustion of 
the latter seems out of the question in view of the little manipulation which 
may very quickly bring about the severe decline. The slight bradycardia 
which usually accompanies the low blood-pressure may be produced by 
reflex inhibition of the heart by impulses passing by abdominal vagus fibres. 
The reaction is somewhat similar to that of the Goltz tapping experiment in the 
frog, the bradycardic part being much less marked. 
720 
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Important objections to this explanation are the relative infrequency of 
occurrence of the reaction and the wide field in which it may be produced sug- 
gesting its origin outside the vagus distribution. Anesthesia no doubt helps to 
diminish or abolish the reaction as in general it has been found to depress 
visceral afferent reflexes as well as skeletal reflexes. Light general anesthesia 
and imperfect local anesthesia would be most likely to fail to abolish it. 
Repeated attempts by Roome, Keith and Phemister’ to reproduce the reac- 
tion in dogs under ether or barbital anesthesia by pinching and electrical 
stimulation of vagus just beneath the diaphragm failed to appreciably alter 
either pulse rate or blood-pressure. Carlson and Luckhardt® stimulated the 
central end of the gastric vagi fibres in decerebrate turtles and obtained 
acceleration of pulse rate and rise in blood-pressure. However, Blalock?? 
obtained a fall in blood-pressure in dogs from repeated blows on the abdomen 
which did not cause hemorrhage. 

Against the splanchnics and abdominal sympathetic chains as the path- 
ways of the impulses is the fact that experimental stimulation of the central 
end of great splanchnic or other sympathetic chains causes either no change 
or a rise in blood-pressure and an increase in pulse rate. Carlson and Luck- 
hardt ® obtained depression, but rarely in the decerebrate turtle. 

Clinically, it is difficult to distinguish between vagus autonomic reflexes 
and sympathetic or parasympathetic abdominal reflexes because of the over- 
lap of nerve supply and the diffuse nature of the stimulation in cases of 
manipulative and operative procedures and injuries of the abdominal region. 

There are the often cited old accounts, as that of Fischer,® of a blow on 
the abdomen causing immediate collapse, but the data supporting the view 
that the reaction is a nervous one are inconclusive. There are no recent 
authentic reports of such reactions in patients without an associated internal 
injury as a ruptured viscus or hemorrhage. 

There is no reason to assume that somatic nerves of the abdominal wall 
act differently from those in other locations and the general evidence as 
stated later is that injury rarely results in impulses in them that bring 
on shock. 

Early, rapid and marked fall in blood-pressure in upper abdominal 
operations may create uneasiness on the part of both operator and anesthetist. 
But experience has shown that the patient’s general appearance remains 
satisfactory and that combative measures are usually not necessary. In 
the few cases of the series in which they seemed to be indicated, ephedrine 
caused a rise in pressure which was sustained. Fig. 6 shows a marked early 
fall of pressure in a seventy-one-year-old woman who had a partial gas- 
trectomy for carcinoma of the stomach performed under local anesthesia. 
After giving 34 gr. of ephedrine, the systolic pressure rose from 50 to 120 
millimetres of mercury within six minutes and in fifteen minutes was above 
the pre-operative level. This response to a vasoconstrictor drug indicates that 
in the reaction there is general vasodilatation. If other circulatory depressive 
factors are super-imposed, as hemorrhage and poor anesthesia, and the 
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operation is prolonged, secondary shock of grave concern may set in, and 
call for additional treatment by blood transfusion or physiological saline 
injections. 

The relatively good condition of the patient during the reaction and the 
infrequency with which it brings on a condition of protracted lowered blood- 
pressure suggest that despite the circulatory depression and bradycardia, the 
circulating blood volume is not greatly curtailed as in low blood-pressure from 
hemorrhage. This was found to be the case when blood-pressure was low- 
ered experimentally without loss of blood or plasma from the vessels as by 
spinal anesthesia (Burch and Harrison’), spinal cord section and injection 
of histamine (Blalock !' and Roome, Keith, and Phemister 7). 
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Fic. 6.—Response of low blood-pressure to ephedrine during gastric 
resection. 


Purely neurogenic falls in blood-pressure similar to those occurring early 
during abdominal operations have not been observed with the same certainty 
in operations on other parts of the body. Cutting and pinching somatic 
nerves during operation under general anesthesia in our experience does 
not result in any immediate circulatory change, and protracted and marked 
electrical stimulation and crushing of large nerve trunks of anesthetized dogs 
causes a rise rather than a fall of blood-pressure (the Loven reflex). How- 
ever, there are operations during which the blood-pressure falls without 
adequate known explanation, and it is then difficult to rule out a neurogenic 
factor, despite clinical and experimental evidence to the contrary. Thus, 
a female, aged seventy-four years, had a hip fusion operation because of 
ununited fracture of the neck of the femur and aseptic necrosis of the femoral 
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head. Fig. 7 shows the changes in blood-pressure and pulse rate. The fac- 
tors operating to explain the fall in blood-pressure were the advanced age, 
a moderate arteriosclerosis, the anesthetic and moderate loss of blood, esti- 
mated from the hemoglobin content of the sponges employed at 237 cubic 
centimetres. These did not seem entirely adequate, which makes it hard to 
eliminate sensory nerve influences. 

Hemorrhage complicating operation, accident, or disease may cause early 
and rapid circulatory failure, but, as Blalock points out, it is not appropriate 
to speak of this as primary shock. The condition should be designated either 
as shock due to hemorrhage, or simply as severe hemorrhage, since the shock 
features are a secondary development. 
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Fic. 7.—Pulse and blood-pressure changes in seventy-five-year- 
old woman during hip-fusion operation with slight loss of blood. A 
neurogenic factor could not be ruled out. 


When hemorrhage and psychogenic and neurogenic factors are operating 
at the same time, the clinical picture is usually a mixed one in that the pulse 
which is ordinarily rapid in hemorrhage may be slow because of psychic 
or neurogenic influences. Thus, it is well known that a ruptured tubal 
pregnancy with severe abdominal pain may result in marked lowering of 
blood-pressure from severe hemorrhage, while the pulse rate remains about 
normal. The same combination is sometimes observed in primary shock 
and hemorrhage produced by operation. 

Extensive handling of tissues and cutting and chiseling procedures during 
operations have been stressed as causes of shock, presumably through nerve 
stimulation. However, if hemostasis and anesthesia are perfect, they do 
not seem to be much of a factor. This is most strikingly demonstrated in 
extremity operations under bloodless constriction and gas-oxygen anesthesia 
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in which incision may be lengthy and excision, chiseling and handling of 
tissues extensive and prolonged, without the production of the slightest sign 
of circulatory embarrassment. 

Local cedema, as a result of traumatism of tissue, is usually slight jn 
operative wounds but it may be extensive in crushing injuries, particularly 
of the extremities. It apparently plays no role in the production of early fall 
of blood-pressure, but may be a factor of considerable importance in the 
causation of secondary shock. 

Overmedication in spinal anesthesia may bring on rapidly the clinical 
picture of primary shock which occasionally leads to a fatal termination, 
This appears to be due to too great a vasomotor paralysis, although medullary 
centres, as respiration, may be paralyzed by direct action of the drug. K. W, 
Thompson!” has called attention to the slow pulse accompanying the low 
blood-pressure which should always be regarded as an unfavorable sign. 

Does primary shock ever follow the removal of a tourniquet after a 
prolonged period of constriction of the extremities? Koch 1% observed slight 
fall in blood-pressure beginning immediately after release of constriction 
during operative procedures on the extremities. There were no associated 
changes and the pressure returned to normal in from ten to thirty minutes, 
Circulatory studies were made in this series during seventy-six operations on 
the limbs under constriction. On release of the tourniquet after twenty-five to 
150 minutes, there was a slight to moderate temporary fall of blood-pressure 
in sixty-three cases and a fall of eighty millimetres of mercury or less in seven 
cases. The average constriction period for the latter was seventy-five minutes. 
In six cases the blood-pressure was practically unchanged. The pulse rate 
was usually either unchanged or slightly slower than normal. Two cases 
showed marked circulatory changes immediately following release of the 
constriction. One of them, a girl of ten, had a spinal fusion operation under 
nitrous-oxide-ether anzsthesia for Pott’s disease. The blood-pressure fell 
slowly to 80/60 millimetres of mercury while the spinal bed was being pre- 
pared and the grafts were being removed from the tibia with the limb con- 
stricted at the mid-thigh. On release of the tourniquet, the pulse became 
rapid and eventually imperceptible, and no blood-pressure readings could be 
obtained. Caffein-sodium-benzoate and intravenous Ringer’s solution were 
given and the pressure was soon restored to its previous level, although the 
pulse continued rapid. No sign of secondary shock developed. There was 
no hemorrhage from the leg wound which had been sutured and bandaged 
before the constriction was removed. The previous fall in pressure was 
probably due to some loss of blood and respiratory difficulty occasioned by 
the prone position during anesthesia. The cause of the rapid and severe fall 
after the release of the tourniquet is not entirely clear. The slight to mod- 
erate fall after tourniquet release is due at least in part to return of the 
normal quota of blood to the limb plus considerable additional blood occa- 
sioned by the marked reactive hyperemia which develops in it. It may have 
been that the circulatory disturbance from the operation had reached a point 
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ing of where the return of this amount of blood to the limb from the general 
St sign circulation was enough to cause acute circulatory collapse. On the other 
hand, it raises the questions of a neurogenic factor and of a toxic substance 
ght in in the limb which escaped into the blood and lowered the general blood- 
arly pressure. Phemister and Handy't could not demonstrate a vasodilator prop- 
ly fall erty in the venous blood from the obstructed limb of the dog. 
salina In the second case release of constriction applied above a Weyth pin at 
te the hip after one and three-quarter hours in an osteomyelitis of the femur 
linical operation caused a similar very rapid decline in blood-pressure and accelera- 
— tion of pulse. (Fig. 8.) After temporary response to ephedrine and saline 
+, infusion secondary shock developed in two hours which responded to a blood 
he: Curettement and Sequestrectomy of femur 
ter a S 
the 60 
nder 
fell 40 
pre- Resp. 
20 
ame 
| be 30 9:00 15 :45 10:00 10:0 10:15 10:20 
re Ethylene Ether Anaesthesia 
a Fic. 8.—Collapse after release of constrictor. Rapid pulse suggests low pressure 
due to “bleeding”? into released hyperemic limb. 
‘ transfusion. The poor pre-operative condition and the prolonged ethylene 
by anesthesia and operation plus the return of the relatively large amount of 
fall blood from the general circulation to the limb probably were enough to account 
we for the reaction. The rapid pulse favored this view. 
he It has been reported that constriction of an extremity for many hours 
especially because of battle wounds has been followed immediately on release 
a by shock. Freiberg observed neither shock nor impaired circulation after 
a tourniquet constriction of the thigh for three hours in two cases of arthro- 
plasty on the knee. Paolucci,!® Fogliani 17 and Roome and Wilson !® have 
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studied the condition experimentally and have not observed a reaction re- 
sembling primary shock. Circulatory failure develops slowly and death 
occurs many hours later, the result mainly, according to Roome and Wilson,18 
of fluid shift produced by the marked cedema of the constricted part. Pri- 
mary shock would also not be expected when there is reduced blood volume 
from failure of the blood diluting mechanism in adrenal cortical hormone 
insufficiency, as reported by Swingle, Pfiffner, Vars, Bott and Parkins.1® 

Conc.usions.—Psychic effects on the medullary centres caused by pain or 
fear from injury or operation may result in a fall in blood-pressure, brady- 
cardia, pallor and faintness which constitute elements in the syndrome of 
shock. Abdominal operations, especially those on stomach and biliary tract, 
may cause a fall in blood-pressure to shock levels and bradycardia most prob- 
ably as a result of stimulation of the autonomic fibres of the vagus nerve. 

These primary psychogenic and neurogenic depressor reactions are ordi- 
narily transient and of minor importance, but rarely they may be severe, 
They may be designated as primary shock. If other blood-pressure lowering 
factors as hemorrhage are superimposed sometimes even in moderate degree, 
a marked state of secondary shock may develop. 

Injury and stimulation of somatic nerve trunks in accidental wounds and 
operations do not ordinarily cause a fall in blood-pressure or other shock 
phenomena if hemostasis and anesthesia are adequate. However, there are 
such cases in which blood-pressure falls early without adequate known cause — 
and it is then difficult to rule out a nervous factor. 

The fall in blood-pressure immediately after the release of a tourniquet 
is due largely to the entrance of blood into the extremity which becomes the 
seat of reactive hyperemia although it is impossible to rule out completely the 
operation of nerve impulses or toxic substances. 

Primary and secondary shock should be recognized on the basis of differ- 
ence in etiology rather than difference in time of occurrence. 
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SHOCK WITH PARTICULAR REFERENCE TO THAT DUE TO 
HA MORRHAGE AND TRAUMA TO MUSCLES 


By Barney Brooks, M.D., ALFRED M.D. 
oF NASHVILLE, TENN. 


FROM THE DEPARTMENT OF SURGERY OF VANDERBILT UNIVERSITY 


THE literature dealing with shock is voluminous and the theories that have 
been advanced as to its cause are numerous. Different methods of producing 
shock have been employed by various investigators and frequently it has been 
concluded that all instances of shock are explainable on the basis of the find- 
ings when only one causative agent has been studied. The clinical picture of 
fully developed shock is clear cut and is dependent on an inadequate blood 
supply to the tissues of the body but the physiopathological mechanism by 
which this alteration takes place is not the same in all instances. 

We have chosen to consider in the main only two of the various methods 
by which experimental shock may be produced. These two methods are 
about as free of complicating factors as any that can be used. The first of 
these consists of the traumatization of the soft tissues of an extremity. With 
this method the alterations in the size and weight of the injured part can be 
compared with those of the opposite non-traumatized extremity. The second 
method consists of the removal of blood from a large vessel, thereby resulting 
in a diminution in the circulating blood-voluine. This method is desirable in 
that anesthesia is not necessary and in that the quantity of blood that is re- 
moved can be measured. 

Employing the method by which an extremity was traumatized under 
general anzsthesia, it was shown by us,’ by Parsons and Phemister? and by 
Freedlander and Lenhart* that the production of shock was associated with 
the loss of approximately one-half of the total blood-volume into the injured 
part. Further, it was noted that this loss is sufficient by itself alone to cause 
a low blood-pressure and death. Objection has been expressed to these results 
on the grounds that general anesthesia was employed. Similar results have 
been obtained in recent experiments* in which the anesthesia was produced 
by the introduction of novocaine into the spinal canal. The essential findings 
in these experiments were (1) the loss of approximately one-half of the total 
blood-voelume into the injured part ; (2) an increase in the concentration of the 
red blood-cells; (3) a negative response to the transfusion of blood; (4) 
capillary congestion and hemorrhage in many of the organs of the body. 

Since the results of these experiments so clearly indicated that the cause 
of the death of the animals was the loss of plasma and of red blood-cells into 
the injured extremity, it seemed reasonable to believe that one should be 
able to produce similar alterations by the removal of blood from the body, 
or in other words, by hemorrhage to the outside. It is well known from 
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Fic. 1.—Section of liver, showing early necrosis of liver Fic. 2.—Section of kidney, showing rather marked capil- Fic. 3.—Section of lung, showing moderate atelectasis and 
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clinical and experimental observations that massive hemorrhage is usually fol- 
lowed by early death or by an augmentation of the remaining volume of blood 
by the passage of fluid from the tissue spaces into the vessels, thereby resulting 
in a dilution of the remaining red blood-cells. However, the speed with 
which the volume of blood is reduced under these conditions is much more 
rapid than that encountered when the loss is in the injured tissues of an ex- 
tremity. This is due in part to the pressure in the tissue spaces against which 
the bleeding takes place and to the smaller size of the injured vessels. Hence, 
it was decided that blood should be removed very slowly if one were to attempt 
to reproduce, by hemorrhage to the outside, the picture that was encountered 
following trauma to large masses of tissues. 


Fic. 4.—Section of adrenal gland, showing early Fic. 5.—Section of duodenum, showing necrosis, 
necrosis of cells and capillary congestion. capillary congestion and hemorrhage. 


Experiments in which the blood-pressure was gradually reduced to a low 
level by the slow withdrawal of blood from the femoral artery were performed 
under local anesthesia. The desired condition was to have the blood-pressure 
remain at a low level as long as possible prior to death. After having pro- 
duced a sustained decline in the pressure to approximately 70 millimetres 
hemoglobin, the animal was allowed to die without having further blood 
removed. Usually, death occurred approximately an hour after a sustained 
reduction in the pressure had been obtained. An increase in the concentration 
of the red blood-cells occurred in some of the experiments. Autopsy revealed 
capillary congestion and hemorrhage in some of the organs of the body. 
(Figs. 1, 2, 3 and 4.) 
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The method described in the last paragraph does not allow one to main- 
tain the blood-pressure at a low point for an extended period of time. Hence, 
other experiments were performed in which by the removal of blood and the 
transfusion of blood from a suitable donor, a low blood-pressure of longer 
duration was produced. The pressure was reduced by the removal of blood 
from the femoral artery and death was delayed by the introduction of blood 
by the direct method. If the blood-pressure rose above 70 millimetres 
hemoglobin, further blood was removed. If the pressure fell to an ex- 
tremely low level, blood was withdrawn from the donor and injected intra- 
venously. By this method, it was usually possible to maintain the pressure 
at a low level for several hours before death occurred. The records of blood- 
pressure in these experiments were quite similar to those that were obtained 
when an extremity was traumatized. All of the animals died despite the fact 
that more blood was introduced than was removed. Transfusion was without 
benefit after the blood-pressure had remained at a low level for several hours. 
An increase in the concentration of the red blood-cells was found in all ex- 
periments. Iresh blood was present in the lumen of the intestinal tract in 
most of the experiments. Capillary congestion and hemorrhage and necrosis 
were present in many of the tissues of the body. (Fig. 5.) 

Further experiments have been performed in which the blood that was 
removed from the animal was prevented from clotting by defibrinating it or 
by adding sodium citrate or heparin. When the blood-pressure reached a 
dangerously low level, it was re-introduced in quantities sufficient to prolong 
the life of the animal. The results in these experiments were similar to those 
that were described in the preceding paragraph. 

A low blood-pressure was produced in other studies by methods which 
included the injection of acetylcholine and the maintenance of increased intra- 
pericardial pressure. A great increase in the concentration of the red blood- 
cells occurred and marked alterations in the tissues were found at autopsy. 

In describing the results of these experiments, changes in the blood-pres- 
sure have been emphasized. This has been done simply because methods 
for determining the blood-pressure are accurate while there is no entizely sat- 
isfactory one for determining the blood-volume. Probably the most signifi- 
cant alteration is the diminution in the circulating volume of blood. In 
those instances of shock in which there is no loss of blood from the vascular 
system, there is a discrepancy between the capacity of the circulatory system 
and the blood which it contains. The materials carried to the tissues by the 
blood may be classed as food, water and oxygen. The one that must be 
supplied continuously is oxygen. It is probably a deficit of oxygen that is 
directly responsible for the alterations in the tissues that appear when the 
blood-volume and blood-pressure are markedly reduced. 

It was stated earlier in the paper that the mechanism of the production of 
all types of shock is not the same, or in other words, that there are different 
types of shock. This is demonstrated by the results of determinations® of the 
output of the heart and the blood-pressure in experiments in which shock was 
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produced by different methods. When blood was withdrawn slowly from a 
large vessel, it was found that the output of the heart diminished considerably 
before a definite alteration in the blood-pressure took place. Similar altera- 
tions were observed following trauma to an extremity. On the other hand, 
the injection of histamine, primary shock,® the introduction of large amounts 
of novocaine into the spinal canal’ (Burch and Harrison) and _ bilateral 
adrenalectomy*® were associated with first a decline in the blood-pressure and 
the cardiac output diminished subsequently. Trauma to the central nervous 
system usually resulted in a simultaneous decline® in the cardiac output and 
blood-pressure. 

Further evidence in this regard is furnished by the results of the experi- 
ments of Roome, Keith and Phemister’® in which the blood-pressure was re- 
duced to a shock level by various procedures such as the removal of blood, 
trauma to an extremity, the injection of listamine, hyperventilation, the in- 
troduction of an excessive quantity of novocaine into the spinal canal and the 
production of anaphylactic shock. After having caused the reduction in the 
pressure, the quantity of blood that it was necessary to remove in order to 
cause death was then determined. It was found that the removal of a small 
quantity of blood resulted in death in the experiments in which a low blood- 
pressure had been produced by hemorrhage or by trauma to an extremity. 
It was necessary to remove much larger quantities in the experiments in which 
the decline in blood-pressure had been produced by other means. 

We have attempted a classification of acute circulatory failure from a 
physiological viewpoint. The terms that are used to designate the different 
types are hematogenic, neurogenic, vasogenic and cardiogenic. It should 
be remembered that many instances of shock present combinations of the 
different types. The hamatogenic type refers to shock in which there is a 
decrease in the blood-volume, vasoconstriction, a decrease in the output of the 
heart, and subsequently a decline in the blood-pressure. Shock as a result 
of uncomplicated hemorrhage is the simplest example. Shock following 
trauma to large masses of muscle belongs to this group if the experiments 
herein reported have been interpreted correctly. By the neurogenic type is 
meant the condition that is usually known as primary shock or collapse. It is 
more rapid in onset than the hematogenic type. The primary alteration is 
vasodilatation dependent on diminished constrictor tone as a result of influ- 
ences acting through the nervous system. The vasogenic type refers to the 
condition in which vascular dilatation is brought about by agencies which act 
directly on the vessels. Histamine probably exerts the major portion of its 
effect in this manner. In addition there is the infrequent cardiogenic type in 
which acute circulatory failure occurs as a result of primary disturbance of 
the heart. It is characterized by venous distention in contrast to the collapsed 
condition of the veins that is found in peripheral circulatory failure. This 
type of alteration is produced by a rapid accumulation of fluid in the peri- 
cardial cavity. 

As has been stated, many instances of shock are observed in patients which 
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do not fit into any single one of these types. For example, many different 


factors may enter into the production of shock that is associated with opera- 
tions. Among these may be hemorrhage, loss of plasma from exposed sur- 
faces, loss of fluids by sweating and vomiting, dilatation of vessels as a result 
of mechanical irritation and vascular reflexes, infection, anzsthesia and par- 
ticularly the disease for which the operation is performed. 
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THE EFFECT OF ADRENAL CORTICAL EXTRACT IN CON- 
TROLLING SHOCK FOLLOWING THE INJECTION OF AQUEOUS 
EXTRACTS OF CLOSED INTESTINAL LOOPS 


By Georce J. Hever, M.D., ano (By Invitation) 
DeWirt Anprus, M.D.* 
or New York, N. Y. 
THIS WORK WAS SUPPORTED BY A GRANT FROM THE JOSIAH MACY, JR., FOUNDATION 

IN CONNECTION with some studies on the lethal factors involved in strang- 
ulation obstruction, in which we feel that some toxzemia may be involved, we, 
like many others, have attempted to study the effects of intravenous injection 
of extracts of obstructed loops together with their contents. 

These extracts were prepared by opening the loop which had been re- 
moved as soon as possible post-mortem, scraping off the mucosa and adding 
to the content, mucosal scrapings and bowel about 50 cubic centimetres of 
water, boiling for about one minute, and filtering. The amount of filtrate 
obtained from a single loop varied from 75 cubic centimetres to 125 cubic 
centimetres, and while the potency of the various extracts differed somewhat, 
the injection of two cubic centimetres to four cubic centimetres per kilo pro- 
duced marked effects and usually proved fatal. 

While we have not studied these extracts chemically, the substance ex- 
tracted would almost certainly yield histamine, and it may well be that it is 
to this compound that many of the effects to be reported are due. Suffice 
it to say that many of these effects can be duplicated by histamine in pure 
solution. 

The animals (dogs) which received these injections, with the exception 
of those used for survival experiments, were anesthetized by means of the 
intraperitoneal injection of .45 cubic centimetre per kilogram of a solution of 
dial and urethane. This produced a smooth anesthesia of as long duration as 
desired and with no significant fall in blood-pressure or blood-volume as de- 
termined in controls over a period of at least eight hours. The blood-pressure 
was recorded by means of a cannula in the carotid artery and both femoral 
veins were exposed, being covered with salt sponges except during the actual 
injection. Samples for blood-volume determinations by the vital red method, 
were removed from the femoral or external jugular veins. While in un- 
anesthetized animals, as has frequently been commented upon, the injection 
of such extracts is followed by vomiting and diarrhoea, this rarely occurs 
under anesthesia. Such an injection is followed by a state which in some 
of its aspects can be spoken of as shock, and while we may recognize some 
fundamental differences, a comparison of certain features of this “toxic 
shock” with those of the traumatic variety may be interesting. 


* With the collaboration of Frank Glenn, M.D., and Bronson S. Ray, M.D. 
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ADRENAL EXTRACT IN CONTROLLING SHOCK 


In dogs, the symptoms of the shock-like state which follows the fairly 
sudden intravenous injection of aqueous extracts of obstructed intestinal 
loops, histamine, certain other products of protein degradation, or a heavy 
suspension of bacteria such as staphylococcus aureus, are in many respects 
similar to those of shock following localized mechanical or thermal injury. 
Indeed, this form of “toxic shock,” if we accept the term of Pearce and 
Eisenbrey,! may be divided, like traumatic shock, into two varieties. Thus 
the sudden and often extreme drop in blood-pressure which follows imme- 
diately upon the introduction of the toxic material is usually of relatively 
short duration, and like so-called primary shock following injury and during 
operations, may be rapidly fatal or may be more or less completely recovered 
from, provided the amount of material introduced be not too great. The 
most acceptable explanation of this primary fall in blood-pressure would seem 
to be that it is due to vasodilatation. This is borne out by the work of Pearce 
and Eisenbrey! on the mechanism involved in the early phases of anaphylactic 
shock and peptone intoxication in dogs. 

Further evidence in this direction is obtained from the fact that this pri- 
mary drop in blood-pressure can be largely prevented if a sufficient amount 
of any one of several pressor substances be introduced simultaneously with 
the toxic material, and is much less marked if the toxin be introduced very 
slowly. 

Typically, this primary fall in blood-pressure is followed by a return, 
within a few minutes to half an hour, to a point near, or somewhat below, the 
preinjection level, the degree of return varying somewhat in different animals 
and also with the amount and the different substances injected. A secondary 
and much less precipitous fall then ensues and is accompanied by a state in 
some ways comparable to that of so-called secondary traumatic or post-opera- 
tive shock. The pulse becomes thready, the respirations rapid and shallow, 
and the mucose become pale and somewhat cyanosed. If a moderate dose 
of toxic material has been introduced, this state may persist for several hours, 
the animal dying from circulatory failure, while with a larger dose the animal 
may succumb within an hour, in which case the secondary fall is more 
rapid. 

This secondary fall in blood-pressure is accompanied by a marked slowing 
of the circulation and by a concentration of blood as evidenced by a definite 
decrease in the plasma volume of from 20 to 40 per cent. 

As has been shown by Blalock? and others for traumatic shock and for 
burns, the fluid lost from the circulating blood represents practically pure 
plasma, and that this is also the case in animals following the intravenous 
injection of aqueous extract of obstructed loop is evidenced by the fact that 
the chemical constituents of the remaining serum are either not at all or not 
significantly altered. 

Whereas in hemorrhage or in shock following mechanical or thermal 
injury it seems that the plasma escapes at the local site of injury, in the case 
of a toxin introduced into the systemic circulation, the site or sites into 


735 


IN- 
Is 
ng- 
We, 
ion 
re- 
ng 
of 
ite 
at, 
is 
n 
e 
| 
il 


HEUER AND ANDRUS 


which this plasma-like fluid is lost are not well established ; but it would seem 
that here an injury of the capillary walls had been produced, and in the case 
of aqueous extract of obstructed loop, particularly those of the gastro-intesti- 
nal tract and liver. When the injection has been carried out under anzesthesia, 
the intestinal tract post-mortem is found to contain a considerable quantity 
of fluid, and if the animal has not been anesthetized diarrhoea and vomiting 
are prominent symptoms. In addition, an extreme congestion is evident 
in the liver and viscera of the splanchnic area. 

This fluid seems to be lost due to an increased permeability of the capil- 
laries, and a single injection of toxic material may be sufficient to make the 
blood-vessel walls abnormally permeable for some time. Thus normal saline, 
Ringer’s solution, gum acacia Ringer’s, blood serum, blood plasma injected 
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tract and cholesterin. 


alone and plasma of whole blood injected as a transfusion, when introduced 
even to the extent of 12 to 15 cubic centimetres per kilogram, all seem to fail 
to stem the out-going tide as indicated by the fact that the plasma volume one 
hour or so after such injection in an animal in a state of “toxic shock”’ is 
lower than before the injection. Strongly hypertonic solutions may be effec- 
tive for a time, but their action may be somewhat different. 

The work of Scott,? Lewis,t Flashman,® Crivellari,® Marmorston-Gottes- 
man and Gottesman,’ Cutting,® and others, has indicated the decreased resist- 
ance of adrenalectomized animals to various types of intoxication. Perla, 
Marmorston-Gottesman and Gottesman,® 1% 1. 12 and Hartman and Scott!* 
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have shown that in these adrenalectomized animals the resistance to such in- 
toxication can be increased by the administration of adrenal cortical extracts. 
Further, since the relatively close similarity in the post-mortem findings in 
animals dying after bilateral suprarenalectomy and in those dying following 
the injection of loop toxin was first emphasized by Sweet,'* this fact has been 
frequently commented upon ; and this, together with the parallelism in certain 
of the blood findings more recently discovered, suggests some common factor 
in their production. We have, therefore, attempted to study first the effect on 
the blood-pressure, blood-volume and length of life of the simultaneous in- 
jection of various constituents of the adrenal gland with aqueous extracts of 
fatal high intestinal loops. The adrenal cortical extract used in these ex- 
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tical hormone. 
periments was supplied in part by Doctors Swingle and Pfiffner, of Princeton, 
to whom we are most grateful. In each instance another animal of approxi- 
mately the same age and weight and receiving the identical kilogram dosage of 
the same loop extract was used at the same time as a control. 

The simultaneous injection into the contralateral veins of normal saline, or 
of such possible constituents of an adrenal cortical extract as cholesterin or 
ascorbic acid (vitamin C) with aqueous extract of loop content has had no 
effect in preventing the secondary fall in blood-pressure to shock -level, nor 
in preventing a decrease of plasma volume to practically the same extent 
as in the control (Figs. 1 and 2). Adrenalin alone, or dissolved in saline, 
has resulted in a somewhat greater loss of plasma than occurred in the con- 


trols. On the other hand the simultaneous injection of adrenal cortical extract 
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has had markedly beneficial effects in each of six animals in which it has been 
used, the average loss of plasma in these animals being 8.5 per cent., whereas 
the average loss in the controls was 30.5 per cent. Typical experiments are 
depicted in Figs. 3, 4 and 5. 

Certain of the early workers with adrenal cortical extract recognized that 
the survival principle, i.e., that substance which maintains adrenalectomized 
animals, is thermolabile and is inactivated by boiling for one minute in contact 
with air. Figure 6 illustrates an experiment indicating that the factor which 
protects against the effects of aqueous extract of obstructed loop is also inacti- 
vated by boiling. 

In those experiments in which the blood-pressure was studied all the 
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volume and blood-pressure following injec- 
tion of aqueous extract of obstructed loop; 
dotted lines show effect of simultaneous in- 
jection of loop extract and adrenal cortical 
hormone. 


animals who received toxin and cortical 


volume and blood-pressure following injec- 
tion of aqueous extract of obstructed loop; 
dotted lines show effect of injection of loop 
extract with adrenal cortical extract that 
has been boiled. 


extract were alive and in definitely 


better condition as judged from their blood-pressure and plasma volume than 
those receiving toxin alone, but were sacrificed after a period of from four 
to eight hours. Because of the very limited supply of standardized potent 
extract at our disposal, we have not been able to carry out survival experi- 
ments over a long period, but in this regard the following experiment seems 
suggestive. 

Dog “A” received 3 cubic centimetres per kilogram of a certain lot of 
loop extract, and after exhibiting the typical symptoms, including vomiting 
and diarrheea, died in two and a half hours. Dog “B”, receiving the same 
dosage of toxin together with cortical extract simultaneously and smaller 
doses of extract at intervals of about two hours subsequently, although ex- 
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hibiting the same initial symptoms as dog “A,”’ was alive and alert at the end 
of nine hours. Adrenal cortical extract was then withheld and the dog died 
about three hours later, or twelve hours after the initial injection. 

From these experiments it seems that in normal animals the simultaneous 
injection of extract of adrenal cortex has a definitely beneficial effect both 
in prolonging life and in preventing the fall in blood-pressure and loss of 
plasma from the circulating blood, which follow the intravenous injection 
of aqueous extracts of fatal high intestinal loops. 

From the clinical standpoint, however, it would be very interesting to 
know what could be done to restore the blood-pressure and plasma volume 
and with them the general condition of an individual or animal already in a 
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structed loops. 


condition of profound ‘‘toxic shock.” As mentioned above, the loss of plasma 
seems to be due to increased capillary permeability, and with an animal in such 
a state the ordinary fluids used clinically for infusion, including the plasma 
of whole blood given as transfusion, escape from the circulation within a short 
time. (Figs. 7 and 8.) Here transfusion alone has the same temporarily 
beneficial effect as is seen when used clinically in strangulation obstruction, 
but in these experiments has not sufficed alone to restore an animal from a 
state of profound “toxic shock.” Likewise, the administration of adrenal 
cortical extract alone has been only partially effective so far as restoring the 
animal is concerned. But the effect of transfusion and adrenal cortical extract 
administered simultaneously has been definitely more effective. Figure 9 
illustrates such an experiment. 
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In this experiment dog “A” received 2’ cubic centimetres per kilogram of the 
toxin, suffering the usual effects on blood-pressure, and in the course of one hour had 
lost 25 per cent. of his initial plasma volume. A transfusion of 100 cubic centimetres of 
citrated blood was then administered, sufficient to restore the plasma volume to 93 per 
cent. of the initial value, but this raised the blood-pressure only to 35 per cent. of 
that before the toxin was injected. The blood-pressure rapidly declined within ten 
minutes thereafter, and one hour after the transfusion was only 20 per cent. of the 
original pressure. Following this it rose somewhat, reaching 43 per cent. three hours 
after the transfusion, but was never above the shock level, and the animal died from 
circulatory failure three and a quarter hours after the transfusion. One hour after the 
transfusion the plasma volume was 18 per cent. below the initial volume, indicatinz 
that during this period plasma to the amount of 60 per cent. of that contained in the 
transfusion was lost from the circulating blood. The loss continued, and four hours 
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Fic. 9.—Solid lines indicate the effect on plasma volume and blood-pressure of injection of 
aqueous extract of obstructed loops followed by transfusion at the end of one hour. Dotted lines 
inditate the effect on plasma volume and blood-pressure of the injection of loop extract followed by 
repeated injections of Eschatin, tne second ot these injections being accompanied by transfusion. 


after the initial injection of toxin (three hours after the transfusion) the plasma volume 
was only 60 per cent. of the original, indicating that the animal had lost from his 
circulating blood an amount of plasma equivalent to 40 per cent. of the original plasma 
volume plus the 18 per cent. introduced in the transfusion. 

The results in dog “B” were quite different. This animal suffered effects on 
blood-pressure and plasma volume quite comparable to those in dog “A,” losing about 
22 per cent. of his original plasma volume in one hour. At this point 10 cubic centimetres 
of the Parke Davis preparation, Eschatin, was administered, causing an immediate ele- 
vation of blood-pressure from 40 to 48 per cent., with a fall back to 40 per cent. within 
five minutes. A transfusion of 100 cubic centimetres of citrated blood was then given 
into the left femoral vein while 10 cubic centimetres of Eschatin was being administered 
into the contralateral vein. The combination raised the blood-pressure to 77 per cent. 
with a fall to 66 per cent. in ten minutes. Five cubic centimetres more of Eschatin was 


740 


{ 
| 
has 
4 
| 
| 
| 
— 
| 
| 
| 
| 
i 
| 
| 
i 
| 


of the 
ir had 
tres of 
nt. of 
n ten 
f the 
hours 
from 
r the 
atin 
1 the 
jours 


ADRENAL EXTRACT IN CONTROLLING SHOCK 


then administered and the blood-pressure one hour after transfusion was 66 per cent. 
Five cubic centimetres of Eschatin one and a half hours after the transfusion caused 
another rise to 77 per cent. and three hours after the transfusion the pressure was 80 
per cent. of the original. The blood-pressure continued to rise, and seven hours after the 
blood and Eschatin were given the pressure was 90 per cent. of the original, the pulse 
was full and bounding and the animal in what might be termed good clinical condition. 

The most striking effect, however, was noted in the plasma volume findings, which 
indicated that during the first hour after the transfusion no plasma was lost, and during 
the subsequent two hours only 7.5 per cent. was lost. 


SumMMARyY.—(1) The intravenous injection of aqueous extracts of fatal 
high intestinal loops produces a marked primary fall in blood-pressure fol- 
lowed by a secondary rise of varying degree, and this in turn by a more 
gradual fall to a definite shock level. 

(2) The primary fall in blood-pressure seems to be due to marked vaso- 
dilatation, while the second fall is associated with the loss of plasma-like fluid 
from the circulating blood. 

(3) Simultaneous injection of adrenal cortical extract into the contra- 
lateral femoral vein has a markedly beneficial effect in lessening both the 
degree of drop in the blood-pressure and the amount of plasma loss and in 
prolonging the life of the animal after the injection of aqueous extract of ob- 
structed loop. This protective action is destroyed by boiling the extract for 


one minute. 
(4) When an animal, an hour or so after the injection of aqueous extract 


of obstructed loops, is in a state of profound shock with low blood-pressure 
and decreased plasma volume, the intravenous injection of normal saline, gum 
acacia Ringer's solution, 10 per cent. glucose or blood fails to restore the blood- 
pressure materially or to prevent further and serious lowering of plasma vol- 
ume followed by death. 

(5) Adrenal cortical extract alone is definitely less effective in reviving 
an animal in this condition. 

(6) On the other hand the administration to such animals of adrenal 
cortical extract simultaneously with transfusion has had a markedly beneficial 
and even striking effect in eventually raising the blood-pressure to nearly 
the normal level and maintaining it, in restoring the plasma volume and_pre- 
venting the subsequent loss of the fluid elements of the blood, and therewith 
prolonging life. 
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Discussion.—Dr. Owen H. WANGENSTEEN (Minneapolis, Minn.).—Surgeons have 
long felt some dissatisfaction over the toxic factor alleged to be the cause of the depres- 
sion of the arterial blood-pressure in traumatic shock, through the agency of a 
histamine-like substance dilating the capillaries. Their experience in operating in the 
presence of shock has been that only the injured tissues are juicy; the uninjured are by 
contrast pale, dry, and avascular. If the capillaries were dilated by a toxic agent why 
should not that transudation of fluid be fairly uniform throughout similar tissues of the 
body? The actual loss of blood by hemorrhage into the damaged tissues through injured 
and leaky vessels, as suggested by Doctors Phemister and Blalock, would appear to be 
in better accord with the impressions of surgeons concerning what occurs in traumatic 
shock. 

The paper of Doctor Andrus indicates that in extracts of the adrenal cortex we 
have an agent which may prove of real service in the treatment of the shock-like state of 
a number of conditions, and particularly in the late phases for which the majority of 
our agents now available are without material aid. As far as the strangulated gut is 
concerned in bowel obstruction, it is my impression that the blood loss factor accounts 
more satisfactorily for the shock-like state which may be present than the abnormal 
absorption theory, in a gut whose wall is viable. As a matter of fact, Dr. Horace 
Scott and I were able to show when the veins are tied to a segment of the small 
intestine of the dog, three to five feet in length, that the animal bleeds to death in four 
or five hours. The egress of blood through the mesenteric veins being interrupted, 
arterial blood continues to be pumped into the gut under the motive force of the 
systolic blood-pressure; the vessels rupture ; the gut wall becomes infarcted; bleeding into 
the lumen occurs and the animal may bleed to death in a relatively short period of time. 

The clinical observations of Doctor Phemister attended to the reflex causes of 
nervous origin which, as he suggested, are apparently most likely responsible for the 
changes in arterial pressure which he noted. One may, however, well ask in how far 
adequate anesthesia should ablate such phenomena of reflex nervous origin? 

One factor in treatment of depression of the arterial blood-pressure that is not given 
adequate credence by surgeons is the significance of posture. Most of us have had 
the opportunity to observe the fall in blood-pressure which may accompany operations 
in the prone position with the legs hanging down (Kraske position) no matter what 
the anesthetic agent. It has been my observation that the preliminary application of a 
tight elastic bandage placed high on each thigh, tight enough to arrest the systolic 
flow of blood into the extremity will obviate this fall in pressure. Similarly after 
operation for patients in potential or actual shock, the employment of a shock-frame, 
which elevates materially the foot of the bed, has a salutary effect on the blood- 
pressure. Whereas it has been stated that the Trendelenburg position can a priori be 
of little value in the treatment of shock, because only the blood available in the venous 
reservoirs (which are not distended) can be returned to the circulation by this manceuvre ; 
actual experiment demonstrates in dogs bled to a shock level (50 per cent. or more 
of their blood-volume) the efficacy of the deep Trendelenburg posture in contrast with 
the horizontal position in which the controls were kept. It is my belief that the Trendel- 
enburg posture is a simple therapeutic expedient of great value which warrants wider 
usage in clinical practice. 

In treating shock the most important thing, as all the essayists have indicated is 
adequate replacement of diminished blood-volume. Whereas theoretically, acacia is as 
good an agent as blood in combating shock in severe cases, in practice blood demonstrates 
its superiority: not because it contains oxygen carriers, for the red blood-cells may be 
reduced to 25 per cent. of their normal number before a lack of oxygen carriers becomes 
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manifest; but transfused blood appears to stay in the vessels much better than acacia 
despite ‘ts somewhat similar osmotic properties. The adequate replacement of diminished 
blood-volume in severe traumatic shock is a very important consideration. Instances 
of profound shock of traumatic oxygen occur to one in which lives have been saved by 
the timely transfusion of a large quantity of blood, employing more than one donor. 
The manner of the transfusion of blood whether modified or unmodified is relatively un- 
important. In large hospitals where emergencies of this character are not infrequently 
seen, it is a good plan to have available on the surgical service amongst the post- 
operative convalescent patients suitable group four donors who may give blood on a 


moment’s notice. 


Dr. THomas G. Orr (Kansas City, Mo.).—There is certainly a great deal of 
confusion about the subject of shock. The first thing I think we should recognize is 
what Doctor Blalock has emphasized this afternoon, that there are several types of 
shock and the initiating factor may be very different in the different types. 

When Doctor Cannon’s work was presented, I thought personally that it was 
excellent. I taught it to my students as a logical explanation of shock and pointed 
out his book as a classic on the subject. Not long after that, however, I had to change 
my viewpoint a little when the work of Phemister and Blalock came out, especially on 
the subject of traumatic shock or secondary shock, in which we are so much interested 
in surgery. Their work seems equally conclusive to me as that of Doctor Cannon. 
In fact, I am rather more inclined to favor the clinicians than the physiologists. They 
brought out the point, as you know, that traumatic shock is caused by a loss of blood 
into the injured tissues. The similarity between simple hemorrhage and traumatic 
shock is therefore quite evident. The loss of protein has been emphasized by all of 
these workers and is very significant, of course, in maintaining the plasma pressure. 
This knowledge has led to the use of acacia solutions in shock treatment. 

Now if the conclusions of Phemister and his associates and Blalock and his co- 
workers are true, the explanation is relatively simple, as far as one particular type 
of shock is concerned. In fact, it gives us a specific treatment for shock. We have 
known, of course, that shock is best treated by transfusions, but perhaps we didn’t 
know exactly the reason why it was of such great benefit. In other words, if their 
theory is correct, we should be able, if we see patients early enough to stop the loss 
of blood and blood plasma, to cure most cases of shock. Blood transfusion is a most 
logical treatment since it is a replacement of something that has been lost by disease. 

In the treatment of shock, we should not forget that we must pay some attention 
to supportive therapy as well as to specific treatment. Unquestionably there is some 
benefit derived—at least temporarily—from the introduction of saline solution, and we 
should recognize that fact. On many occasions we have been able to tide over patients 
that were developing shock by simply giving them a saline solution. We should not, 
however, be misled by a false sense of security after giving salt solution and allow 
patients to later develop shock. 

The practical side in the treatment of shock in an institution where they practically 
all have to be treated, should be emphasized, especially to students and to your fellow 
workers in the hospital. After all, the bulk of the shock treatment must be done by 
our house staffs, and they should appreciate that real shock—traumatic shock—is always 
an emergency, and they should be ready for such treatment. We, therefore, should have 
donors ready—either medical students or someone else, whose blood we can obtain 
very promptly. While that is being done, of course, they should use other measures 
and be taught to use them without delay. 

In the University of Kansas Hospital, we have our medical students typed, and we 
have available in Kansas City a Helping Hand Institute where a great many down- 
and-out individuals are available as blood donors at $10 a pint. Of course, one has to 
be very careful about selecting such donors because of the danger of introducing disease. 
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Dr. Georcrk J. Hever (New York, N. Y.).—The clinical features of the state of 
collapse which has come to be known as shock have long been recognized, as has the 
fact that it may occur under a variety of conditions. In some of these the gross 
causative factors have been well defined—as, for example, in hemorrhagic shock—while 
in others the actual cause remains vague. Such cases were seen during the war when a 
man close to an exploding shell sustained numerous slight and very superficial wounds 
and yet quickly went into shock. 

The emphasis upon the division into primary or immediate, and secondary or 
delayed shock is important, since while the first may persist or pass over into the 
second, this transition may often be prevented by adequate appreciation of the mechanisms 
involved. 

One is also impressed with certain similarities so far as the rapid pulse, low blood- 
pressure and other evidences of failing circulation are concerned between cases of 
traumatic or hemorrhagic shock and the pre-mortal stages of such conditions as burns, 
intestinal obstruction and peritonitis, efc. Is it not pertinent to raise the question as to 
whether the ultimate mechanisms producing these symptoms may not be similar ? 

Vasomotor collapse as an initial factor in shock under certain circumstances has 
for some time been emphasized, and it is undoubtedly of great importance. Indeed, in 
the so-called primary shock it may be the major factor as evidenced by the results 
of pressor drugs during this phase. In secondary shock or even preceding the shock-like 
state seen in certain forms of toxemia, the vasomotor system seems extraordinarily 
sensitive to stimuli, and we are all acquainted with those cases of trauma or intestinal 
obstruction which, despite a relatively slow pulse and fairly good blood-pressure, promptly 
go into shock following the slightest manipulation or operative procedure. 

The work of Blalock, Phemister and their co-workers points to the importance ot 
a reduction in the volume of the circulating blood as a very fundamental factor in shock 
following hemorrhage, in deiayed or secondary shock after crushing injuries, or pro- 
duced by manipulation of the intestines, and in burns. While the cause of the reduction 
in blood-volume may be evident in haemorrhage and the site of fluid loss established in 
trauma and burns, more studies need to be made on patients to discover whether or 
not this factor plays an important role in certain forms of toxemia, as has been shown 
to be the case after the injection of intestinal loop toxins in animals. This point of view 
is important, since part of the therapy may depend upon its adequate recognition. 

In the treatment of shock, measures must be directed toward the support of the 
vasomotor mechanism and the circulation improved both by these measures and others 
directed at the restoration of blood-volume through control of hemorrhage if it be a 
major factor, and by replacement of fluid in any event. In shock due to hemorrhage, 
provided the bleeding points be controlled, transfusion often gives spectacular results, 
and indeed infusions of glucose may be beneficial. Here a restoration of the blood- 
volume has been attained. In secondary shock, however, almost all types of intravenous 
therapy fail at times to produce more than very transient benefit. This may be due to 
the fact that the fluid injected escapes from the circulation, and indeed may take with 
it some of the elements of the plasma, for example the proteins, on which the normal 
fluid exchange depends. The effective restoration of blood-volume, therefore, must 
depend, in part at least, upon some control of the fluid exchange through capillary walls, 
possibly by means of such a substance as a potent adrenal cortical extract in certain 
types of cases. 


Dr. Epwarp Arcuipap ( Montreal, Canada)—If we go back, in this confusion about 
the precise definition of shock, to Crile’s earlier experiments, we come upon a fact which 
I think we are inclined to forget; namely, that shock is caused very largely by pain. 
In Crile’s early experiments shock was produced by continued pain. True, it had to 
be long continued, and, moreover, it was largely sympathetic pain; I mean pain carried 
by the sympathetic system, caused by crushing of the testicles, pulling on the mesentery, 
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and so on. A second factor is exposure to cold. In a small series of experiments, 
carried out some fifteen years ago, I found the most effective way of producing shock 
was by opening the abdomen and exposing the viscera to cold, as well as to pain. 

But there is also mental or psychic pain. In the war we gained much experience 
of that. Often a wounded man would leave the field ambulance in fair condition, and 
arrive at the casualty clearing station, after four or five hours’ cold journey in a jolting 
ambulance in deep shock, unassociated with hemorrhage. One could frequently feel 
sure that much of this change had been caused by mental distress. Hemorrhage has 
nothing to do with pure traumatic shock, although it may aggravate that condition. It 
can be recovered sufficiently easily with blood transfusions. It is different from shock. 
But in cases of pure shock, I refer to secondary shock, it was obvious that a com- 
bination of mental and physical distress was responsible. 

I should like to ask one question. The immediate physical cause of shock is now 
generally believed to lie in an increased permeability of the capillaries, with consequent 
loss of plasma, leaving an insufficient quantity of blood in the circulatory system. 
The patients die, as some say, of internal hemorrhage, not of blood, but of blood plasma. 
I think that is true. In profound shock there seems to be an incurable tendency for 
the plasma to pass out of the capillaries. 

What I want to know is, Where does that plasma go? It doesn’t go into the 
interstitial spaces, because there is no pitting or oedema. My conclusion, shortly after 
the war, when I studied this question, was that it must go into the cell bodies. And 
ever since then I have been wondering how one could finally demonstrate, if that were 
the case, the extra amount of fluid in the cell bodies. 


Dr. Georce CritE (Cleveland, Ohio) said that for ten years we made histological 
studies of all the organs and tissues of the organism. These studies were carried on 
by Dr. F. A. Hitching and Dr. J. B. Austin. In this long series of studies, which 
involved finally about 2,400 animals, we found that just three organs showed histological 
changes—the brain, the liver, and the cortex of the adrenal gland. We then had no 
notion of the meaning of this. 

Among our 297 denervations of the adrenal glands, we had four cases in which 
death resulted from acute adrenal insufficiency. The overwhelming effect of the loss 
of the cortical element is one of the most striking things I have ever seen clinically. 

In the presence of adrenal insufficiency, Eschatin was valuable in rescuing these 
patients. At first we could not get [schatin and in our earlier series unhappily, we 
could not avoid the effect of the adrenal insufficiency. I wouldn’t have believed it 
possible that the loss of the cortex of the adrenal gland could have so profound an 
effect. 

We had very careful post-mortem examinations made in these cases and found a 
condition very similar to apoplexy. In fact, the deaths were due to apoplexy in the 
two adrenal glands. 

After further investigation, we found that whatever produces the histological effects 
I have shown also produces a low electrical potential in the living tissues. As exhaustion 
was being produced, the electric potential of the brain was reduced. 

It is interesting to know that by the injection of adrenalin you can produce shock in 
less time than by almost any other agent. This shows the effect of the injection of 
adrenalin. If you first reduce the animal’s potential in any way you choose, and then 
give the same dose of adrenalin, less effect is produced than in the normal animal. 


Dr. J. SHELTON Horstey (Richmond, Va.)—Whatever may be the specific cause of 
shock, the outstanding phenomenon is lowered blood-pressure, and the treatment for 
lowered blood-pressure should attract our attention, both from the experimental and 
clinical standpoints. 

Such treatment may be considered empirical, but empirical treatment sometimes brings 
satisfactory results. We do not know, for instance, what is the specific cause of hyperthy- 
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roidism, but we know that the disease is accompanied by excessive or perverted secretion 
of the thyroid gland, and partial removal of the thyroid gland usually gives very happy 
results. We cannot have shock without low blood-pressure, and if we prevent low blood- 
pressure or cure it symptomatically, the shock is cured. 

In post-operative shock, the low blood-pressure is dependent at first upon the deficit 
of fluid in the vascular system, and after the low blood-pressure has been maintained 
for some time, central nervous complications set in. If we can prevent this last phase 
by remedying the low blood-pressure in an early stage, the severe symptoms of shock 
will not appear. 

In a serious operation where shock may be anticipated, such as a one-stage resection 
of the rectum or lower sigmoid, an intravenous cannula should be inserted at the be- 
ginning of the operation and the solution permitted to flow slowly into the vein, the rate 
of flow increasing as the blood-pressure tends to fall. There is a great difference in the 
effectiveness of intravenous solutions. Normal saline rapidly escapes through the veins 
and capillaries into the tissue spaces, or possibly into the cells as Doctor Archibald has 
suggested, and does but little good in maintaining the blood-pressure. Doctor Blalock has 
shown that if low blood-pressure from shock following hzmorrhage exists for several 
hours, the restoration of even more blood than was lost will not effect a cure. 

Aside from the transfusion of blood we have found that the most effective intraven- 
ous solution is 5 per cent. dextrose in Ringer’s solution. Doctor Matas years ago called 
attention to the benefit of 5 per cent. dextrose as an isotonic solution. We have added 
Ringer’s solution to this because it contains the most important electrolytes of the blood 
plasma. The effect of calcium, for instance, is important not only because it stimulates 
the systole of the heart, but, as the pharmacologists have shown, it has a definite effect 
upon the endothelial cells of the capillaries in lessening the escape of fluid from the 
vascular system into the tissue spaces. 

If, in spite of this, symptoms of shock appear a donor should be available and a 
transfusion done, but the continuous injection of 5 per cent. dextrose in Ringer’s solution 
will hold up the pressure for a long time, and often will be effective without transfusion. 
It has the advantage, too, of introducing into the blood the normal substances that are 
contained in the blood plasma, without the disadvantage of any foreign material, such 
as acacia. 


Dr. Joun M. T. Finney (Baltimore, Md.).—I would like to add just one more per- 
plexity to this already admittedly very difficult question of shock. It may not be apropos 
at all, but I think it is. 

I would like a little light from some of the experts who know a lot more about shock 
and its causes than I do. Every surgeon of experience has, I feel sure, met with an 
incident of this sort in his practice. It seems to make little difference what is the matter 
with the patient. When you talk to him about operation he will probably agree to it all 
right. Of course, there are lots of people who will, when operation is mentioned, rather 
nervously and excitedly say, “I am not going to be operated on; ‘no indeed, for if I am 
I’m sure I will never get over it.” That sort of talk doesn’t mean anything. Nobody pays 
any attention to it. The fellow I am talking about is the one who listens to you intently 
and when you are through, looks you right in the eye and says, “Very well, doctor, if 
you think I ought to be operated on, I will accept your advice and have it done, but 1 
know I shall die.” And he does die. 

Is that shock? If not, what is it? Is there such a thing as emotional or psychic 
shock? 

Perhaps some of you have read the “Romance of the Last Crusade,” by Gilbert. 
You will find there the reference to a soldier who was acting as a servant for him in 
East India. Mr. Gilbert reprimanded the soldier severely for something he thought 
that he had done. The soldier denied the allegation and was very much hurt. He asked 
him to retract what he had said. He declined to do so. 
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The fellow went out into the desert, squatted down in the sand, covered his head, 
and died. I have had this incident corroborated by a number of my doctor friends who 
have been in India as missionaries; namely, that there is a recognized phenomenon among 
certain tribes, that where the feelings of an individual are badly hurt he will go out into 
the desert, squat down, pull his robe over his head, and die promptly, without any other 
known cause for it. This particular case referred to in this book was found dead, with 
no evidence of any other cause than mortification. 

What is meant by the phrase that we hear now and then, namely, “dying of a broken 
heart’? You can laugh, but I have seen individuals who have lost a dear friend or rela- 
tive and just die. I could mention several such interesting cases, where autopsies found 
nothing, no physical basis whatever. It is an intangible something that I am referring to. 

You may laugh all you like, but personally I have for a long time been tremendously 
interested in this particular phenomenon. I have seen a number of such cases. I have 
corresponded with a number of people. I have talked with a lot of my friends. I very 
seldom find one who hasn't had some sort of similar experience. 

I have known my former chief, Doctor Halstead, more than once to decline absolutely 
to operate on a patient who told him, just as I have said, that it is all right, that he will 
be operated on but he will die if he is. But they didn’t die on Doctor Halstead; he de- 
clined to operate. 

The point I want to raise is—is there such a thing as emotional or psychic shock, 
call it what you will ? 

I am convinced personally that there is something in it. I don’t know just how 
much. But I know one thing, learned from sad experience, namely, if a patient looks 
me steadily in the eye and quietly says he is going to die, I tell him, “All right, but you 
won't die on me. You go to some other surgeon.” 


Dr. ALFRED BLALocK (Nashville, Tenn.).—First, I would like to state that I believe 
some instances of shock are due to the absorption of toxic products. The action of toxic 
material is probably the main factor in producing death in the patient who has intestinal 
obstruction with strangulation of the blood supply. I believe that deaths which occur 
from three to ten days following severe burns are due in large part to the absorption of 
protein decomposition products. 

I disagree with Doctor Cannon in regard to the importance of vasoconstriction in 
the production of shock. Following hemorrhage, for example, it is quite true that there 
is vasoconstriction, but we know that the loss of blood results in a diminution in the 
blood-volume, and it seems more logical to assume that the vasoconstriction is the result 
rather than the cause of this decrease in blood-volume. ; 

In the experiments in which an extremity was traumatized, it was shown that there 
was a sufficient loss of blood into the injured area alone to account for the development 
of shock and death. There was no evidence that vasoconstriction was causing a loss 
elsewhere. In the vasogenic and neurogenic types of shock, there is vasodilatation rather 
than vasoconstriction. 

I would like to add, however, that a general loss of fluid from the blood stream 
takes place when the blood-pressure remains at a low level for several hours. This, | 
hope, answers in part the question of Doctor Archibald. This is true experimentally 
when a prolonged low blood-pressure is produced by the simple withdrawal of blood. 
One rarely encounters in patients, as a result of haemorrhage, a low blood-pressure for an 
extended time. When hemorrhage from a large blood-vessel takes place, usually either 
the patient dies almost immediately or the remaining volume of blood is augmented by 
natural or artificial means and the blood-pressure rises. 

In closing, I would like to emphasize again the fact that there are many different 
types of shock, that there are many different factors that may enter into its production 
and that one is in error if he tries to explain by one theory all instances of shock that 
are observed. 
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Dr. Dattas B. Puemister (Chicago, Ill.).—I agree with Doctor Finney that a 


psychogenic factor acting in conjunction with a major operation may play a large part 
If the psvchic state 


in bringing on a state of secondary shock that will result in death. 
of an individual created by an injury, either minor or major, or by operation, may cause 
a fall in blood-pressure such as has been demonstrated in these studies it is understand- 
able that the fear of death harbored by some patients who have a major operation might 
be an important factor in bringing on a state of secondary shock that would terminate 


fatally. 


Dr. Watter B. Cannon.—When Doctor Finney asked me if | believed there was 
such a thing as psychic shock, I shook my head, but I was testifying as a physiologist. A 
physiologist doesn’t concern himself with psychic affairs. 

I recognize emotional shock as a display of certain physiological phenomena which 


occur in times of great excitement. For example, as I explained earlier, when there is a 


swift cerebral decortication of the cat, the animal displays all the signs of great emo- 
You can't conceive that as psychogenic because the means for having 


tional excitement. 
Yet the animal 


psychic experiences have been destroyed, by removal of the cortex. 
shows to an extraordinary degree the physiological manifestation of emotion. 

That animal will die, as a rule, within three hours. There will be no hemorrhage, 
no toxemia, nothing except the emotional expression. It seems to me we have in that 
phenomenon for the first time, so far as I know, an explanation of the cases which Doctor 
Finney has mentioned, and which I have come upon in medical and other literature and 
which I should like to know more about. 

Doctor Archibald’s reference to pain fits right into the picture, and likewise the 
reference to cold, as I pointed out previously. These are all conditions which, like emo- 
tional excitement—great fear, for example—being the sympatho-adrenal system into action. 

Doctor Blalock has said he can’t conceive of vasoconstriction being the cause of a 
loss of blood-volume. May I point out that the sympatho-adrenal system causes a vaso- 
constriction in the skin region and in the viscera, but a vasodilatation in the muscles. 
Thus there is a combination of vasoconstriction in some parts of the body and vasodilata- 


tion in others. 
We know from the work of Krogh that there may be a hundredfold increase in a 


number of capillaries in a cross-section of muscle when it goes from rest into activity. 
The possibilities of increase in the capacity of the vessels in the muscles are obviously 
great. I suggest that those who are interested in the experimental aspects of shock look 
for the elusive lost blood, which Doctor Archibald has asked about, in muscle regions 
where there may be marked vasodilatation. Conceivably it is there. We know that to 
some degree there is a concentration of corpuscles in the capillaries of the skin and in 
those of the intestinal villi; blood plasma may be lost there. 

One of the most mysterious features of shock which nobody has explained, is the 
explanation of the exemia—where the lost blood is lost. 

With reference to the evidence that overactivity of the sympatho-adrenal system may 
induce shock, may I say that I have difficulty in conceiving how Doctor Crile’s ideas 
As I understand him, he has insisted upon exhaustion of nerve 


can be adjusted to it. 
based on the 


cells as the causal condition in shock. The evidence which I have outlined 
experiments of Freeman—indicates that it is excessive activity of this system, brought 
on by a variety of stimuli, that induces the state of shock. Of course, exhaustion may 
occur as a later phenomena, but according to the experiments which I have described to- 
day it isn’t the exhaustion which causes shock but sympatho-adrenal overactivity. 

Then with reference to primary shock, which Doctor Phemister discussed, I should 
like to call attention to a fact which I think is not generally stated in the text—books of 
physiology, and that is that there is not only a vasoconstrictor centre but also a vaso- 
dilator centre in the medulla. Rosenblueth and Freeman have shown in animals from 
which the sympathetic has been wholly removed that vigorous action is attended by a sud- 
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den drop of blood-pressure. They were able to reproduce in the sympathectomized animals 
practically all the phenomena seen in the normal animals because of the fact that in the 
absence of the sympathetic, the vasodilator mechanism is still present, and, as usual, 
is operating in a reciprocal sense. Recently Rosenblueth and I have demonstrated that in 
sympathectomized animals stimulation of the vasodilator centre causes a beautiful fall 
of blood-pressure. Thus in primary shock there may be not only an inhibition of vaso- 
constrictors but also a stimulation of vasodilators. 

There are a number of other points I put down for comment, but they are of 
secondary importance. In closing may I say that I am deeply grateful to you for 
inviting me to be here and take part in your discussions. I have had a very pleasant 
time and have learned much. Thank you. 


Dr. WittrAM DEW. Anprus (New York, N. Y.).—In conclusion, I realize what 
we have been dealing with here is a distinctly artificial thing, and yet we have hoped there 
might be certain clinical analogies at least to be the basis for clinical work. 

I can only refer to one or two other things. I haven’t meant to cast aspersions on 
transfusion in any way and in these animals, in this tvpe of toxic shock, transfusion does 
have very much the same temporary beneficial effect which we see in the strangulation 
obstruction in the human, but transfusion alone has never sufficed in these animals to 
bring them out, as has transfusion plus cortical hormone. 

It seems to us there may be certain cases—it is purely on theoretical grounds, but it 
seems worth trying—in which transfusion plus the cortical hormone may turn the 
apparently so-called irreversible cases into cases which can be distinctly benefited. 

I would add only one word of caution. That is, if cortical hormone is used, be sure 


it is a potent extract. 
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THE CONSERVATIVE TREATMENT OF ARTERIOSCLEROTIC 


PERIPHERAL VASCULAR DISEASES 
PASSIVE VASCULAR EXERCISES (PAVAEX THERAPY) 
By Louis G. Herrmann, M.D., ann Mont R. Rein, M.D. 
oF Cincinnati, 
FROM THE DEPARTMENT OF SURGERY OF THE COLLEGE OF MEDICINE OF THE UNIVERSITY OF CINCINNATI, AND THE 
VASCULAR DISEASE SERVICES OF THE CINCINNATI GENERAL HOSPITAL AND THE CHRISTIAN R. 
HOLMES HOSPITAL, CINCINNATI 


THIS WORK WAS MADE POSSIBLE BY A RESEARCH FUND GIVEN BY REBECCA A, SCARBOROUGH IN MEMORY OF 
GEORGE HOADLY, JR. 


SUFFERERS from arteriosclerotic peripheral vascular disease constitute a 
much neglected group of patients when compared with those suffering from 
the other forms of peripheral vascular disorders which have received so much 
attention during the past decade. Arteriosclerosis, with the present interpreta- 


’ tion of its meaning, is responsible for the vast majority of disturbances of 


the peripheral arterial circulation, and, during the past two years, it has 
been assigned as the etiological factor in 76 per cent. of the patients admitted 
to our vascular disease clinic. The economic loss which results from the 
disabilities brought about by this degenerative process is very large when 
we consider the total cost to charitable organizations aiid to the State when, 
following amputation of the extremity, its sufferers have ceased to be 
objects of interest to the medical profession. Fortunately, this neglected 
group of patients has, within the past two or three years, attracted the inter- 
est of an increasing number of internists as well as surgeons, and many are 
now devoting much time to the study and treatment of arteriosclerotic 
peripheral vascular disease. 

As a result of these recent studies have come observations which tend to 
shake faith in the old idea of hopelessness with which this chronic degenera- 
tive process has been stigmatized for so many years. Among these studies 
have been the important observations of Allen and Smithwick ™ and others 
who, by their extensive experiences, have been forced to the conclusion that 
in some instances the symptomless extremity may exhibit definite evidences 
of a much more advanced arteriosclerosis than the corresponding painful 
extremity which exhibits signs of beginning gangrene of the toes. Also, 
very advanced peripheral arteriosclerosis may be found among patients who 
have never shown any signs or symptoms of a disturbance of the arterial 
circulation. There are records of patients who have survived one or more 
periods of threatened or beginning gangrene of the toes without a major 
amputation and who have later become practically free from symptoms 
referable to that extremity. 

The arteriographical studies of extremities amputated because of arterio- 
sclerotic gangrene reveal the greatest variation in the size and number of 
patent arteries and arterioles. Why should not the extremity which exhibits 
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an apparently adequate arterial bed survive as long as the amputated extremity 
which, by arteriography, shows practically no patent arterial bed? Extreme 
caution must be exercised in drawing conclusions as to the adequacy of an 
arterial bed from rontgenologically visualized arteries of the dead or living 
extremity. Certainly, for the present at least, there are no definite standards 
by which we can determine from the visualization of the arterial bed alone 
that an extremity must be amputated or is even doomed to an amputation. 
The only criterion is whether or not the tissues, through visualized or non- 
visualized arteries, are receiving or can be made to receive the nourishment 
required for their normal metabolic processes. The high incidence of 
arteriosclerotic gangrene during the winter months has become an obvious 
challenge of our therapeutic ability. These and many other equally impor- 
tant observations are rapidly changing the general attitude from one of wait- 
ing for the time of amputation to one of actually combating the deficiency of 
the arterial circulation before the trophic changes have begun to make their 
appearance. 

The growing conservative attitude toward this degenerative process has, 
within the past few years, found expression in the more active education of our 
patients in a wider and more meticulous use of all of the measures dealing with 
the local hygiene of the feet, general health, optimum position for the resting 
extremities, Buerger-Allen exercises, efc., which have been emphasized re- 
peatedly and which have undoubtedly been of tremendous value in tiding many 
patients through the threatening stages of peripheral arteriosclerosis until an 
adequate collateral circulation could develop. 

To these measures, which go a long way toward encouraging the develop- 
ment of a collateral circulation, we have, within the past two years, added the 
method of passive vascular exercises (Pavaex) as a means of actively promot- 
ing the development of an adequate collateral arterial circulation. This method, 
as many of you already know, consists of the rhythmic alternation of negative 
and positive pressures about the affected extremity or extremities. 

The physiological effect of diminished atmospheric pressure upon the body 
or extremity and the marked increase in the arterial circulation which could be 
brought about in this way was described in detail over 100 years ago and has, 
at intervals, been rediscovered and redescribed since that time—most recently 
by Landis and Gibbon and by ourselves.17 18 2° Sir James Murray,? 4 
of Dublin, was, perhaps, the first to apply this principle to the treatment of dis- 
ease. As early as 1812 he subjected animals as well as patients to various de- 
grees of rarefied and compressed air. It was not until 1832, however, that he 
began to publish the results of his experimental and practical studies. In 1835, 
he described the effects of diminished atmospheric pressure upon man in the 
following words: ‘“The effects of a rare atmosphere are pointed out by those 
who have ascended very elevated situations, but in such cases the air inhaled was 
as light as that around the body. On the contrary, it is natural to expect different 
results if you place a man in a rarefied atmosphere, who is at the same time 
breathing air of the usual density and pressure. Abstraction of a ton and half 
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a ton of weight from the surface of the body permits the cutaneous vessels 
easily to fill, and favours their distention as it were by suction, while, at the 
same time, the lungs receive a column of the usual expansive force supporting 
the interior trunk and organs, pressing and propelling blood out from the 
center to the circumference. In this consists the novelty and value (if any) 
of the principle I propose.” 

Since that time there have been many variations in the methods of applying 
negative or positive environmental pressure to modify the circulation of blood 
in the various parts of the human body. In 1833, Victor Junod?: * published his 
thesis for doctorate from the University of Paris in which he described the use 
of negative pressure in the treatment of various diseases under the title of 
hzmospasia and aérotherapeia. In 1835, W. Reid Clanny,°® of Sunderland, Eng- 
land, working independently of Murray and Junod, published a description of 
the apparatus which he had devised for removing the pressure of the atmosphere 
from the body or limbs. It was not until 1887, however, that negative and posi- 
tive pressures were used alternately to modify the arterial circulation in the 
extremities. It was Edgar Bluck,® of South Hamstead, England, who first 
applied the rhythmic alternation of these pressures as he described it: “‘to bring 
about an influx and efflux of the blood in the part or parts affected.” 

It is quite apparent from the chart (Fig. 1), which shows in a chronological 
order the development of this form of therapy during the past 122 years, that 
the idea is a very old one and still more important is that the beneficial effects 
of changes in the environmental pressure were well established many years ago. 
We have attempted to revive interest in this form of therapy and suggest means 
by which it can be used as a practical form of therapy for that large group of 
patients who are suffering from pain and disability because of organic disease 
of the peripheral arteries. 

The first record of the application of diminished atmospheric pressure as a 
treatment for organic peripheral arterial disease was published in 1917 by 
Sinkowitz and Gottlieb.'’° They applied the Bier’s’ suction hyperemia treat- 
ment to four patients with thrombo-angiitis obliterans with very good results. 
In 1930, Braeucker'? applied the same method of treatment to nineteen patients 
with true Raynaud’s disease with equally good results. 

In 1932, Herrmann” designed and built apparatus which would automati- 
cally bring about the rhythmic alternation of the environmental pressure of an 
extremity from any desired amount of negative pressure to any desired amount 
of positive pressure and at any selected rate of alternation. Because of the fact 
that this apparatus was essentially causing passive exercise of the vascular sys- 
tem, he called the method of treatment Pavaex (passive vascular e.rercises). 

In order to conform to the generally accepted principle of dilating or stretch- 
ing muscular tissue, it appeared quite necessary to cause the pressure to change 
gradually rather than suddenly. Our original Pavaex unit was so constructed 
that the change of pressure was brought about slowly, the complete cycle of the 
variation from atmospheric pressure to seventy millimetres of mercury nega- 
tive pressure than to seventy millimetres of mercury positive pressure and 
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finally back again to atmospheric pressure, took about thirty seconds. After 
much experimentation we came to the conclusion that four complete cycles 
of alternating pressure from about eighty millimetres of mercury negative 
pressure to twenty or forty millimetres of mercury positive pressure will 
bring about the greatest increase in the arterial circulation with the least 
damage to the tissues of the extremity. In one complete cycle of fifteen sec- 


TYPES OF ALTERNATION OF THE 
ENVIRONMENTAL PRESSURE USED TO IMPROVE 
THE CIRCULATION IN AN EXTREMITY. 
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Fic. 1.—-Chart showing, in their chronological order, the more important methods of 
applying negative and positive pressure to the body or extremities. 


onds about five seconds are used for the positive pressure phase and about 
ten seconds are used for the negative pressure phase. Until about four months 
ago we were limiting each treatment to thirty minutes but recently DeTakats** 
has pointed out to us that much more benefit can be brought about by increas- 
ing the time of the individual treatments to one or two hours or even more. 
There seems to be no limit to the length of time the treatment can be carried 
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out without discomfort or untoward effects. The frequency or length of the 
treatments should depend entirely upon the urgency of the condition to be 
treated, as for instance, acute arterial occlusion either by operation, trauma, 
thrombosis or embolism must be considered as surgical emergencies and 
treated intensively until adequate circulation has been permanently established. 
For patients who are hospitalized the number of hours of actual treatment 
vary from four to eight each day, while the less urgent and ambulatory patients 
receive from three to seven hours of treatment each week. 

In the method advocated by Landis and Gibbon’ considerably greater 
degrees of positive and negative pressure are being used and the alternation 
is so arranged that only five seconds are allowed for the eighty millimetres 
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Fic. 2.—Chart showing the analysis of results obtained by intensive Pavaex therapy in a 
series of seventy-five unselected patients with arteriosclerosis obliterans. 


of mercury positive pressure to act upon the extremity and twenty-five seconds 
are allowed for the negative pressure of 120 millimetres of mercury to be 
maintained about the extremity which is being treated. This method may 
prove to be most efficient in those cases of extensive arteriolar obliteration 
which require greater pressures to bimg about an exchange of blood in the 
distal parts of the extremity. Much experimental work is still necessary be- 
fore one can say with certainty which of the two methods will give the better 
results. It is highly probable that each of these methods will have its definite 
field of application in the treatment of the obliterative arterial diseases of the 
extremities. Herrmann? has now constructed apparatus which will not only 
bring about the rhythmic exchange of environmental pressures slowly but 
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will, at the same time, create 80 to 100 short oscillations each minute during 
both the negative and the positive phase of the cycle. (Fig. 1.). It is be- 
lieved that this addition to the cycle which we now use will increase the dilat- 
ing efficiency of the negative pressure a well as increase the possible canalizing 
effect of the positive pressure, especially in those cases where venous and lym- 
phatic obstructions are being treated. 

In applying the negative and positive pressures slowly to the extremities 
of patients which organic arterial diseases, we found that pressures over 100 
millimetres of mercury occasionally caused petechial hemorrhages and not 
infrequently secondary arterial thrombosis. We found, after a large series of 
determinations, that approximately eighty millimetres of mercury negative 
pressure and twenty millimetres of mercury positive pressure were the opti- 
mum pressures for patients with extensive organic changes in the arteries of 


Fic. 3.—The Pavaex treatment unit with the treatment boot of pyrex glass. Note that the foot and 
leg have been elevated several inches above the level of the patient’s heart. 


the extremities. The elevation of the extremity several inches above the level 
of the heart (Fig. 3) has been found to be more satisfactory than the use of 
large amounts of positive pressure to free the extremity of venous blood. 
However, certain variations of these pressures have frequently been neces- 
sary as, for example, when treating the cyanotic or static type of vascular dis- 
turbance which is associated with extensive arteriosclerosis, it has been found 
advisable to decrease the amount of negative pressure to about sixty milli- 
metres of mercury and to increase the positive pressure to about forty milli- 
metres of mercury. (Fig. 4.) 

In the course of over 12,000 Pavaex treatments we have learned, as one 
might have anticipated, that the most startling results have been obtained 
among those patients suffering from a more or less sudden occlusion of one 
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of the major arteries of the extremity, for instance, in the cases of ligation 
of a major artery, major arterial embolism or rapid arterial thrombosis. It 
has been our experience that the worry of gangrene in such cases can be 
eliminated by the early application of this form of therapy. 

The usefulness of the Pavaex method of treatment in cases of the 
arteriosclerotic type of peripheral vascular disturbances seems to depend 
largely upon the part of the vascular tree which is mostly affected. It was, 
therefore, necessary that all patients be studied carefully before the treatment 
was begun. An accurate diagnosis of the type and extent of the arterial dis- 
ease was made upon each patient by the oscillometric and calorimetric studies 
before and after vasomotor relaxation and under controlled conditions of 
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Fic. 4.—Photograph showing the details of the control panel of the Pavaex treatment unit. 


temperature and humidity. As a result of these studies we have classified 
all of our patients with arteriosclerotic peripheral vascular disturbances under 
one of three main types depending upon the part of the arterial tree which 
showed the greatest involvement. 

A series of seventy-five unselected cases of arteriosclerosis obliterans 
which have received intensive Pavaex therapy has been analyzed and the 
results obtained in each group are presented in the following tables. Repeated 
follow-up examinations have been made on the majority of the patients in 
this series. 

Type I. Predominant Involvement of the Major Arterial Pathways of the 
Extremity.—Of the seventy-five unselected cases of arteriosclerosis obliterans, 
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only ten were found to belong to this group. All of the patients of this group 
came to the hospital because of acute or subacute thrombosis of some major 
peripheral artery. (Fig. 2.) All of these patients were seen within twelve 
hours after the onset of the acute pain and intensive treatment was begun 
very shortly thereafter. After varying amounts of treatment, depending upon 
the extent of the arterial occlusion, all of these patients reported complete 
relief of all major symptoms including the severe intermittent claudication 
which had preceded the onset of the acute occlusion in the majority of the 
cases. No amputations were necessary. 

Type 11. Predominant Involvement of the Secondary Arterial Pathways of 
the Extremity.—Of the seventy-five unselected cases of arteriosclerosis ob- 
literans which were analyzed, forty-six were found to belong to this group. 
This group is made up largely of patients who were not aware of the fact 
that they had organic arterial disease until some trivial infection of a toe or 


Fic. 5.—-Result obtained by intensive Pavaex therapy in a patient (J. K., age fifty-eight years) 
with extensive peripheral arteriosclerosis obliterans associated with severe diabetes mellitus. This 
patient lost his right leg eighteen months previously because of gangrene. (A)—Extending gangrene 
of the left foot. No pulses palpable in the foot. (B)—Three weeks after a Lisfranc’s amputation had 
been performed. At the time of the amputation not a single bleeding vessel was encountered. After 
forty-two hours of Pavaex therapy the stump was covered with healthy granulation tissue. This 
amount of treatment was given over a period of ten days. Small pinch grafts of skin were applied 
and the surface was almost completely epithelialized when photograph B was taken. The stump has 
remained healed and he bears weight on it without discomfort. 
corn developed into a spreading infection in the foot or gangrene of the toe. 
Thirty of these patients were diabetics. Many of these patients were treated 
for weeks or months for fallen arches, rheumatism, sprained ankles or meta- 
tarsalgia before the real nature of their disturbance was suspected. 

Of these forty-six patients who received intensive Pavaex therapy, twenty 
patients (43.37 per cent.) were completely relieved of all major symptoms. 
Twenty-two of these patients (47.83 per cent.) were greatly improved and 

were able to resume their work without further discomfort but were not com- 
pletely relieved of all of the former pain. Four of these patients (8.69 per 
cent.) showed definite gangrene of the distal part of their foot at the time 
of admission to the hospital and before any Pavaex treatments had been given. 
The gangrene was definitely limited by the intensive Pavaex treatment but 
various types of amputations through the foot were necessary to remove the 


gangrenous tissue. We feel that the Pavaex therapy made possible this less 
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radical type of amputation ; nevertheless, in the summary of the results (lig. 
2) we have listed these patients as having had amputations rather than in the 
group showing improvement. At the time of the amputations the tissues of 
the affected feet were avascular but the Pavaex treatments soon caused 
healthy granulation tissue to appear and rapid healing of the stumps was 
effected by skin grafting. These stumps have proved to be serviceable for 
weight-bearing and far superior to any artificial foot or limb. (Fig. 5.) 

Type III. Predominant Involvement of the Arterioles of the Feet—Ot 
the seventy-five cases of arteriosclerosis obliterans which were analyzed, nine- 
teen were found to belong to this group. All of these patients showed evi- 
dence of generalized vascular sclerosis with relatively little involvement of the 
major and secondary arteries of the extremities but with evidence of extensive 
obliteration of the arterioles of the feet and toes. Many of these patients 
showed the purplish-red discoloration of the feet with more or less mottling 
and irregular pigmentation of the skin of the entire lower part of the ex- 
tremity. The disturbance was usually bilateral but more marked on one side. 
Both feet were always cold and the patients complained of a constant dull 
aching pain in the entire foot with some radiation of the pain up the leg as 
high as the knees. 

Of the nineteen patients in this group only three (15.7 per cent.) stated 
that they had been relieved of their pain with a definite improvement in the 
color of the feet. Eight of the patients (42.1 per cent.) stated that they were 
definitely improved although not completely relieved of all the pain. They 
were, however, able to sleep, which they considered extremely important and 
attributed it to the reduction in the severity of the pain. Eight of the patients 
(42.1 per cent.) were apparently not benefited at all by the Pavaex treatments 
as their pain continued to grow worse and the gangrenous lesions when pres- 
ent continued to progress in spite of the intensive treatment; consequently 
these eight patients were subjected to mid-thigh amputations. In this latter 
group of patients the Pavaex treatments frequently caused the pain to increase 
in severity. 

SUMMARY.—Seventy-five unselected patients with arteriosclerosis obliter- 
ans who had received intensive Pavaex therapy were analyzed. It was found 
that thirty-three of these patients (44 per cent.) reported that they had been 
completely relieved of their major symptoms; thirty of the patients (40 per 
cent.) reported that they were greatly improved by the treatment; four of the 
patients (5.34 per cent.) were admitted to the hospital with definite gangrene 
of the foot and this gangrene was limited and sufficient collateral arterial cir- 
culation developed after this treatment to permit an amputation to be per- 
formed through the foot followed by prompt healing of the wound; and only 
eight of the patients of this entire series (10.67 per cent.) actually lost their 
extremities because an adequate collateral circulation could not be established 
by the Pavaex method of therapy. We believe that the results obtained in 
this series of patients justifies the faith which we have placed in this conserva- 
tive method of treatment of such a serious form of obliterative arterial dis- 
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ease of the extremities as arteriosclerosis has proved itself to be in the 
past. 
ConcLusions.—(1) The variability in the clinical manifestations of 
patients suffering from arteriosclerotic peripheral vascular disease should 
make us endeavor to tide them through the periods of threatening disaster as 
well as endeavor to promote actively the development of an adequate or bal- 


anced collateral circulation. 

(2) The addition of passive vascular exercises (Pavaex therapy) to 
all those measures of general care advocated by Allen," Buerger, Reid’? and 
others, will materially aid in bringing comfort to the patient and preventing 
serious sequel from making their appearance in patients with arterioscle- 
rotic peripheral vascular disturbances. 

(3) Thus far the benefits of the Pavaex treatments have been least ob- 
vious in those patients with extensive obliteration of the arteriolar bed of 
the feet, and most striking when the pathological changes were primarily 
limited to the major or secondary arterial pathways, especially when there 
was a rapid occlusion of the artery by embolism, trauma, surgery or 


thrombosis. 

(4) The active treatment of the obliterative arterial diseases of the ex- 
tremities is, as a result of recent work, rapidly becoming a truly non-surgical 
procedure and may soon rightfully become the function of the departments 


of internal medicine. 
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SIMULTANEOUS VEIN LIGATION 
AN EXPERIMENTAL AND CLINICAL STUDY OF THERAPEUTIC VENOUS OCCLUSION 
By Barney Brooks, M.D., GrorGE S. Jonnson, M.D. 
oF NASHVILLE, TENN. 


FROM THE DEPARTMENT OF SURGERY OF VANDERBILT UNIVERSITY 


Tue origin and development of the idea of therapeutic venous occlusion 
has been adequately described in comparatively recent publications.* ® * The 
first experimental investigation of the therapeutic value of occluding the con- 
comitant vein of an obstructed artery as determined by observing the actual 
incidence of gangrene with and without venous occlusion was reported by 
Brooks and Martin.! These investigators found that occlusion of the the com- 
mon and external iliac arteries in rabbits was followed by gangrene in fifteen 
of twenty-one animals, and that the same arterial ligation coupled with ligation 
of the common iliac vein in eighteen animals was followed by gangrene in 
only six instances. These investigators also studied the immediate physiologi- 
cal effects of occluding the concomitant vein after arterial obstruction and 
found that this procedure caused an increase in intravascular tension in the 
circulatory bed in which the blood-pressure had been diminished by arterial 
obstruction, but that the volume flow of blood through this circulatory bed 
was reduced to a lower level than had been previously produced by ligation 
of the artery. These immediate physiological effects of simultaneous vein 
ligation have been confirmed by subsequent experimental studies.* *® 7 The 
experiments of Brooks and Martin for determining the actual incidence of 
gangrene after arterial occlusion with and without ligation of the concomitant 
vein have been recently reported by Wilson’ who performed a larger number 
of experiments, and found that simultaneous ligation of the concomitant vein 
did not influence favorably the incidence of gangrene. More recently these 
experiments have been again repeated by Brooks, Johnson and Kirtley? in still 
larger numbers. A summary of the results obtained in this most recent 
experimental study is shown in the following table: 


TABLE I 


A B 
Arteries Alone Arteries and Vein 
Ligated Ligated 
Total number of experiments.................... 100 100 
Slight muscle or temperature changes............. 33% 56% 
66% 44% 


Am. 
‘SS OF 
licine 
uary, 
e on 
ental 
vol, 
eans 
17, 
sure 
925, 
se) 
ed., 
ot 
Its 
| 
i 


BROOKS AND JOHNSON 


The number of experiments performed and the relatively great difference 
in the incidence of gangrene occurring in these most recent experiments by 
Brooks, Johnson and Kirtley would seem to be as reliable statistical evidence 
as could be obtained for the belief that simultaneous ligation of the vein 
reduces the incidence of gangrene after ligation of an artery under the 
conditions prevailing in these experiments. Although in the experimental 
laboratory it is possible to simplify conditions far more than in clinical ex- 
perience, there are important influential factors which cannot be controlled. 
A realization of the difficulties encountered in obtaining reliable evidence 
for definite conclusions from experiments makes one thoroughly conscious of 
the even greater difficulty in arriving at a true evaluation of the results ob- 
tained in clinical practice. Nevertheless, it seemed worth while to make a 
brief report of our clinical experience and to express our opinion of the 
value of therapeutic ligation of the veins in clinical surgery. 

In the surgical service of the Vanderbilt University Hospital, purposeful 
occlusion of veins has been resorted to in twenty-four instances, the report 
of which for purposes of this paper may be briefly summarized in the fol- 
lowing groups: 

I. Thrombo-angiitis Obliterans—Neither clinical experience nor experi- 
mental studies have brought forward any evidence which we feel would indi- 
cate that ligation of veins would exert a favorable influence on the relief of 
the distressing symptoms of thrombo-angiitis obliterans. We have, therefore, 
performed this operation only once on a patient with this disease. The patient 
was a male thirty-eight years old with advanced arterial obstruction of both 
legs. The left leg was the source of great pain. At operation the left femoral 
artery was found completely occluded in Scarpa’s triangle. The artery, vein 
and nerves were surrounded by a mass of inflammatory tissue. The vein 
which was not occluded was ligated. The patient was observed for a week. 
There was no evidence that the circulation of the leg, nor the patient’s symp- 
toms werg changed by the operation. The extremity was amputated and ex- 
amination showed extensive arteritis and thrombosis. 

II, Arterial Obstruction Due to Arteriosclerosis—Ligation of the vein 
has been done six times in patients over sixty years of age who were suffer- 
ing from marked arterial obtructive disease of the lower extremities, pre- 
sumably due to senile arteriosclerosis. Examination by the usual clinical 
methods and by more recently developed special methods disclosed undoubted 
evidence of a severe degree of arterial obstruction. In three instances, 
gangrene of one or more of the toes was present at the time of admission 
to the hospital. In one patient in whom gangrene had already developed, liga- 
tion of the popliteal vein produced no apparent change in the progress of the 
disease and the extremity was amputated two weeks later. In another patient 
with gangrene of the toes of both feet, both femoral veins were ligated. 
There was a prompt cessation of pain and a rapid demarcation of the gan- 
grene. Three weeks after the ligation of the right femoral vein the 
gangrenous toes were amputated from the right foot. Severe infection 
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followed which necessitated amputation of the right leg. The left leg 
recovered except for loss of the tips of the second, third and fourth toes 
and continued to be a useful extremity until the sudden death of the patient 
two years later. Ligation of the femoral vein was done in three patients 
who presented the characteristic clinical picture of severe arterial obstructive 
disease without definite gangrene. In one patient there was little or no 
change which could be attributed to the operation. The foot and leg were 
subsequently found to be warmer, and gangrene did not develop before 
the patient died four years after operation. Another patient experienced 
a gratifying relief of pain, the extremity developed a better color and was 
warmer until his sudden death four months after operation. The third 
patient was a man who had lost the left leg as a result of traumatism thirty- 
seven years ago. At the time of admission he was having severe pain in 
the right foot and leg. [Toot was cold and blue. Rest in bed, exercises 
and application of heat failed to relieve pain. Immediately following ligation 
of the femoral vein, patient experienced marked relief of pain. He was 
discharged from the hospital and remained comfortable for a period of about 
two weeks, at which time the original symptoms recurred. After rest in bed, 
application of heat, massage and exercise, patient again improved and has 
continued to have a useful extremity. 

A patient has been operated upon recently in whom conditions present 
seemed to justify an effort to determine the influence of actual ligature of 
the vein as distinct from an influence which might come from the operation 
necessary for its exposure. This patient was a man forty-three years old 
who presented the characteristics of marked arterial obstruction in both legs 
without signs of diabetes. He was unable to walk and was suffering from 
intense pain, particularly in the right leg. Careful examination by several 
methods indicated that the disease was more advanced on the right side than 
on the left. Both femoral veins were exposed for ligature, but only the right 
vein was actually ligated. After operation there was a marked relief of 
pain in the right leg. During a period of three months since operation the 
right leg has been warmer and less painful than the left. 

III. Arterial Obstruction Due to Arteriosclerosis in Diabetes —Ligature 
of the vein has been performed seven times for its possible beneficial effects 
on patients with diabetes and gangrene of the lower extremities. One patient 
had severe diabetes, definite gangrene of both feet, with severe infection. 
His condition was such that it was believed that he would not survive amputa- 
tion. One femoral vein was ligated. In his delirium the operation wound 
was opened, infection occurred, and the patient died of secondary hemorrhage 
three weeks after operation. Before his death, however, there was definitely 
more improvement in the condition of the extremity on the side on which 
the vein had been ligated. Another patient with severe diabetes had on 
admission extensive gangrene of the right foot, and an area of gangrene at 
the base of the left great toe. The right leg was amputated and left femoral 
vein ligated. The left great toe was removed eighteen days later, skin grafts 
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were applied and the wound completely healed fifty-six days after ligation 
of the vein. Another patient with relatively mild diabetes entered the hospital 
with marked discoloration and obvious necrosis of the anterior portion of 
the plantar surface of the left foot. The left femoral vein was ligated. The 
area of gangrene rapidly became demarcated, separated and the wound 
spontaneously closed. two months after admission, discoloration and bleb 
formation made their appearance on the right foot. The right femoral vein 
was ligated. The early manifestation of gangrene disappeared. Both feet 
have remained healed for five years. Two other patients, each with diabetes 
and an area of gangrene on the great toe, have recovered and remained well 
after ligation of the femoral vein. In contrast with this evidence of a favor- 
able influence of therapeutic venous occlusion for gangrene in diabetes, is 
another patient who had moderately severe diabetes and approximately the 
same amount of gangrene of each great toe. One popliteal vein was ligated. 
Both toes healed in approximately the same period and there was no evidence 
of any favorable influence of the vein ligation. In reviewing the record of 
this patient, it was noted that she had good pulsation in the dorsalis pedis and 
posterior tibial arteries. We are now at a loss to understand why this patient 
was considered as being suitable for venous occlusion as a_ therapeutic 
measure. 

All of these patients had, besides ligature of the vein, other forms of 
treatment. The extremities were kept clean, warm, free from prolonged 
pressure at any point, definitely prescribed exercises and active measures for 
the control of the diabetes were instituted. The improvement, therefore, 
which was observed could not be justly assigned solely to ligature of veins. 
There was, however, enough evidence to lead us to believe that in some 
instances this procedure produced a temporary improvement which perhaps 
seemed to save the extremity during a critical period, but it is our opinion 
that ligation of veins can be expected to be useful only in a relatively small 
proportion of carefully selected cases of arterial obstruction due to senile 
arteriosclerosis or of arterial degenerative diseases associated with diabetes. 
In no case is this procedure to be considered as a substitute for other forms 
of treatment. 

IV. Arterial Aneurism and Arteriovenous Fistula—In the course of 
operations for arterial aneurism and arteriovenous fistula involving the 
vessels of the extremities, large arteries and their concomitant veins have 
been occluded in eight instances. The vessels involved were: brachial, one; 
posterior tibial, two; popliteal, two; femoral, three. In only one of these 
operations was the occlusion of the vein done solely for the purpose of its 
possible beneficial influence in averting gangrene. This was in the course 
of an operation for arterial aneurism of the popliteal artery in a patient who 
at the time of operation had marked discoloration and bleb formations in the 
toes and foot, and was found to have a normal unobstructed popliteal vein. 
After excision of the aneurism and ligation of the vein, that part of the foot 
which had appeared to be developing gangrene rapidly resumed its normal 
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appearance. In all other instances it was necessary to occlude the vein in 
the course of obliteration of an arteriovenous fistula or the vein was already 
partially or completely obstructed by the aneurismal tumor. Gangrene did 
not develop in any of these patients, but we feel that except for the one in- 
stance this experience is not evidence for assigning value to therapeutic 
venous occlusion. There is no valid evidence that even these patients would 
have had gangrene if the veins had not been obstructed. Furthermore, liga- 
tion of a vein in the course of an operation for arteriovenous fistula or for 
arterial aneurism is in all but exceptional instances quite different from the 
same ligation with simple arterial obstruction. In the presence of a fistula 
the regional veins are abnormally large and ligation of even all the veins 
in the operative field may still leave a cross-section area of return channels 
greatly in excess of normal, while in the presence of arterial aneurism the 
concomitant vein is usually markedly compressed and often obliterated. 

In this group of patients, therefore, there is only one instance in which 
one could look for reliable evidence bearing on the value of simultaneous liga- 
tion of the vein. The result was so striking as to leave little doubt in our 
minds that venous obstruction exerted a favorable influence. Before opera- 
tion there was definite gangrene and abundant evidence of an extension of 
the necrosis. At operation the aneurism was small, the artery was occluded, 
and the vein apparently normal. The aneurism was excised and the vein li- 
gated. It seemed quite impossible for the aneurismal tumor to have been ob- 
structing collateral paths of circulation, and thus one is left with the choice 
of ascribing the striking change after operation either to some vasomotor 
influence or to the occlusion of the vein. 

V. Spontaneous Localized Obliteration of the Subclavian Artery—The 
report of this patient is considered apart, not only because of the uniqueness 
of the clinical picture and pathological findings, and the obscurity of the 
etiology, but also because of its special bearing on the value of ligation of 


veins as a therapeutic measure. 


The patient was a woman seventy-one years of age, who first came for relief of 
great pain in the left arm and discoloration of the fingers of the left hand. 

Five weeks before admission to the hospital, patient developed pain in the left little 
finger which progressed rapidly and spread to the other fingers. Pain was cramping 
and aching in character; required codeine for its relief. In a few days the second and 
fifth fingers developed unmistakable signs of gangrene. These signs and symptoms 
steadily progressed. There was no evidence that the disease was vasomotor spasm. 
After admission to the hospital, the line of demarcation of the two gangrenous fingers 
became definite and the fingers were amputated thirteen days after admission. The 
patient continued to have severe pain in the remaining fingers and in the hand, and within 
a few days two other fingers and a part of the hand became discolored and gangrene 


seemed imminent. Examination indicated the presence of obstruction of the subclavian 


artery. 

An exploratory operation was carried out under general anesthesia. 
was divided in the middle and the subclavian vessels were exposed by division of the 
At the junction of the first and 


The clavicle 


scalenus muscles. The subclavian vein was normal. 


second portions the artery was completely occluded in a well-circumscribed mass of 
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dense fibrous tissue. Proximal to this point good pulsation could be felt. Distal to 
this point the artery appeared normal but did not pulsate. The surrounding fibrous 
tissue was dissected away sufficiently to give a good exposure. A small incision was 
made in the artery distal to the obstruction, and complete occlusion was definitely 
demonstrated. The occluding thrombus was still sufficiently unorganized to permit the 
passage of a small probe through the obstructed segment of artery. This incision was 
closed. The subclavian vein was ligated. The operative wound was closed. 

There was immediate and complete cessation of pain. There was rapid demarcation 
of gangrene of only the tips of the fingers. The remainder of the fingers and hand 
resumed a normal appearance. This patient has continued to be free of pain and repeated 
examinations have shown evidence of progressive improvement in the circulation since 


operation two months ago. 

SuMMARY.—From our experimental studies we are convinced that ligation 
of veins does under certain conditions influence favorably the incidence of 
gangrene after arterial obstruction. In clinical experience it has been found 
that the most convincing evidence for assigning any value to therapeutic liga- 
tion of a vein has been found in the instances in which the conditions corre- 
sponded best with those present in the experimental laboratory. Furthermore, 
these instances infrequently occur. From both experimental study and 
clinical experience we believe that ligation of the vein is a measure from which 
beneficial results can be expected only if there is a more or less abrupt and 
localized arterial occlusion which reduces the blood flow in an extremity to a 
dangerous level for a period of time only slightly in excess of that in which 
the anemia would be tolerated, and if there is reason to believe that if the 
gangrene can be averted for this period, subsequent development of collateral 
circulation will take the extremity out of the danger zone. 

In our clinical experience, therefore, deliberate ligation of a healthy vein 
has been performed seventeen times. In two instances in which there was 
localized arterial obstruction with active progress of gangrene, it seemed that 
the immediate and marked improvement could hardly be attributed to anything 
other than the venous occlusion. In fourteen instances of arterial obstruction 
due to arteriosclerosis, the results obtained were such as to suggest a possible 
beneficial effect in some instances, but we believe one can expect a favorable 
result in only a relatively small proportion of carefully selected patients. We 
know of no evidence which would indicate that any beneficial results could 
be expected from therapeutic vein ligation in thrombo-angiitis obliterans. 
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Discussion.—Dr. ArtHuUR W. ALLEN (Boston, Mass.).—We are greatly indebted to 
Doctor Reid and Doctor Herrmann for giving us a mechanical device for producing col- 
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lateral circulation in peripheral vascular occlusion. The procedure will undoubtedly work 
more efficiently than the gradual methods that have been in use, although postural change 
exercises, proper hygiene and good care have been quite effective in many instances, par- 
ticularly in the arteriosclerotic group. 

We have been favored by a strenuous personal effort on the part of Doctor Herrmann 
in obtaining one of his experimental units for trial in the Massachusetts General Hospital. 
We believe that this apparatus will be extremely valuable in shortening the hospital stay 
of these patients, and in saving some extremities otherwise doomed. 

Although it is much too soon for us to accurately evaluate this method, we are 
favorably impressed by its possibilities. If the machine is out of commission, the 
patients are immediately aware of it and are anxious to have the treatments instituted 
again as soon as possible. ; 

We have been able, on occasions, to substitute for the machine, the ordinary air- 
suction apparatus which is connected to the ward, using gravity for the return flow 
instead of positive pressure. By a system of having the patient occlude one end of a 
“Y” tube, a partial vacuum can be created satisfactorily. Positive pressure is probably 
desirable and a mechanical device is doubtless better if the best results are to be 
obtained. 

We are looking forward, of course, to the final machine as Doctor Herrmann will 
eventually perfect it, and believe it is going to help tremendously in the treatment of all 
of these cases, not only in arteriosclerotic obliterative disease but in thrombo-angiitis 
obliterans as well, but it must be regarded as an adjunct to other measures. 

There is one hazard about its use that I might mention. In the postural change 
exercises which we have used so extensively in the treatment of these diseases, the 
individual is active. This keeps up a certain muscular tone and joint function. This 
mechanical device does not necessitate any effort on the part of the patient, and I believe 
that we might guard against this inactivity with benefit to the patient. 

I would like to ask Doctor Brooks if in arterial embolism that presents itself too 
late for successful embolectomy, whether ligation of the concomitant vein might be a 
logical method of treatment.’ I believe the reason that ligation of the concomitant vein 
in rapid occlusion of the artery as in some cases of arteriosclerotic disease has been 
more successful than in thrombo-angiitis obliterans is because in the latter disorder the 
occlusion has been more gradual. 


Dr. Samuet C. Harvey (New Haven, Conn.).—The contributions that have been 
made, as evidenced by the two papers and other work that has been done in the last 
few years, are very significant. One still searches about, however, for a fundamental 
reason for the obvious benefit from a great variety of procedures which have been 
proposed; and unsuccessfully searches about, I might say, at least so far as I am 
concerned. 

It is obvious that the fundamental thing in the restoration of the vascular function 
of an extremity is the development of the collateral circulation. I am fairly well con- 
vinced that the development of the collateral circulation is not a purely mechanical 
affair, but is the result of a vasomotor reaction which does not gradually supervene and 
occurs rather abruptly. 

Some years ago we carried out a series of experiments with dogs, with high arterial 
ligations of the lower extremities, and studied the return of the collateral circulation as 
measured by the return of the temperature. We found at various periods of time—in 
six to twelve hours—the limb, which was quite cold, had an abrupt return of circulation 
in a matter of a few minutes, which suggested to us that the mechanism must be largely 
a vasomotor one. 

At the same time we attempted to induce the return prematurely by various methods, 
and obviously the sympathetic ganglionectomy is the one that is most effective. We also 
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tried at that time ligation of the veins and obtained no acceleration of return from that 
procedure. 

I mention that in connection with Doctor Brooks’ paper. That, however, does not 
indicate a contradiction of Doctor Brooks’ work. We were working, in the first place, 
on dogs. He was working on rabbits. We were not doing comparable experiments, 
and it is quite probable that had we set the experiment up differently, we would have 
obtained results similar to his. 

However, I feel that the ultimate test of all these different things must necessarily 
be in the patients rather than in the experimental laboratory. In the latter we can only 
work out certain fundamental theories which can be carried through to the patients. 


Dr. ALEXANDER PRIMROSE (Toronto, Canada).—In my opinion communications of 
this kind are of great importance because while the ligation of the vein in such cases is 
not a new procedure and has been done for many years, yet we have possibly allowed the 
importance of it to be overlooked. Reports of this kind and laboratory experiments may 
help us to establish principles upon which the procedure may be carried out in a rational 
manner. 

The older members of the Association will remember a communication made to 
the Association some years ago by the late Professor Alexis Thompson of Edinburgh, 
who was our guest at the time. A paper was read by a member of the Association 
reporting the ligation of the femoral vein in gangrene of the foot and Professor Thomp- 
son was asked to contribute to the discussion. 

He told us of a patient who had threatened gangrene of the right great toe. He 
ligated the femoral vein and all signs of gangrene disappeared. He did a similar 
operation for conditions developing on the left side with equally good results. Then 
the patient came to him complaining of severe headaches and asked him if he could 
not do something similar in the neck to relieve her symptoms. He refused at first but 
after much importunity on the part of the patient, and much against his wishes, he 
ligated the internal jugular vein. So far as he knew she was not much relieved of her 
headaches but her friends said that she was much better tempered after the operation 
than before! 

I was talking to Professor Wilkie of Edinburgh a short time ago and I mentioned 
Professor Thompson’s communication in that discussion. He said the facts were as 
stated and that he had actually assisted Professor Thompson in all three operations. 


Dr. WitttaAM B. Cottey (New York City).—I think this discussion furnishes some 
very difficult practical problems for the surgeon to solve in the matter of when to 
amputate and when not to amputate for gangrene following arteriosclerosis or thrombo- 
phlebitis. 

I remember one case, about five or six years ago, that caused me great difficulty, 
and which may be of interest to you. This patient, a man of about fifty years, had had 
gradually increasing pain in his head, and marked gangrene of three fingers for four 
weeks. The gangrene was rapidly extending. He had had no treatment and was losing 
weight ; he was running a temperature. I was called in consultation with Dr. Frederick 
Tilney and Dr. Eugene H. Pool. An immediate amputation was advised, but this, the 
patient refused, saying that he would rather lose his life than his arm. Dr. Hugh 
Auchincloss was then called in, and he also advised an amputation, which the patient 
again refused. The patient was then seen by Dr. Leonard W. Bacon, of New Haven, 
who advised conservative treatment. Shortly after this, he was placed under the care 
of Dr. Joseph A. Blake, who carried out conservative treatment, removing the gangrenous 
fingers but not amputating. The patient made a good recovery and is still well at the 
present time. 


Dr. Leranp S. McKirrrick (Boston, Mass.).—I have received Doctor Reid’s and 
Doctor Herrmann’s contribution with the same enthusiasm that Doctor Allen has just 
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mentioned. I have watched its working with the same interest and look forward to the 


future in the same way he does. 
I am also very much interested in the work that Doctor Brooks is bringing forward 


at this time. I can’t but say a word about my friends the diabetics. I want to warn 
you all, whether you are using Doctor Reid’s and Doctor Herrmann’s contribution or 
whether you are again tempted to try the ligation of veins in a diabetic with gangrene, 
that you are dealing with a condition the mortality of which varies from 15 to 50 per 
That is a high mortality. It is above 10 per cent., because of delayed or improper 
The diabetic patient who has gangrene, a pulseless and painful foot, will in 
Therefore, the cases that are selected for 


cent. 
treatment. 
all probability either lose that foot or die. 
any type of conservative treatment must be picked with the greatest of care. 


Dr. Louts G. HERRMANN (Cincinnati, Ohio).—The arteriosclerotic peripheral vas- 
cular disturbances have attracted relatively little attention by either the surgeon or the 
internist. The wide experience of Doctor McKittrick has shown us that in the past the 
radical form of therapy was usually indicated, especially when the disturbance was com- 
plicated by senile diabetes mellitus. In the light of our experiences, during the past 
two years, we feel that a more conservative attitude should be adopted. In August, 1932, 
we introduced a modification of the old method of changing the environmental pressure 
about an extremity with the hope of mechanically stimulating the development of an 
active collateral arteriolar circulation and thus prevent the appearance of trophic lesions 
Our results were so encouraging that we have 


of the distal parts of the extremities. 
Since it is purely passive exercise of the 


attempted to perfect this form of treatment. 
vascular system, we have termed the method Pavaex, meaning passive vascular exercises. 

Our most striking results have been accomplished in cases of acute arterial occlusion, 
ie., arterial embolism, arterial thrombosis, or traumatic (operative) interruption of a 
major arterial pathway. 

Doctor Reid has outlined to you the results which we have been able to bring about 
in patients with extensive peripheral arteriosclerosis obliterans. We have adopted this 
conservative form of treatment as a routine measure and have, in the past year, reduced F 
the number of major amputations more than 75 per cent. With the aid of the passive 
vascular exercises we have succeeded in healing wounds following simple débridement 
of the gangrenous areas even in patients with severe senile diabetes mellitus. 

I am deeply grateful for the opportunity of discussing this paper and for the privi- 
lege of taking part in this meeting. It is impossible to discuss all of our results in this 
short time, but we hope that our work has stimulated a new interest in that great group 
of unfortunate individuals who are losing their extremities because of arteriosclerotic 


peripheral vascular disease. 
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BILATERAL TRIGEMINAL NEURALGIA 
By Cuarues H. Frazier, M.D., Sc.D. 


OF PHiLADELPHIA, Pa. 
FROM THE NEUROSURGICAL CLINIC OF THE HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA 

For the most part, contributions touching on the subject of major 
trigeminal neuralgia for many years have dealt with methods of treatment, 
surgical and otherwise. Perhaps one should apologize for bringing before 
this Association a topic which at first sight appears to lack originality. 
Granted the principles underlying the treatment of this fifth nerve neuralgia 
are generally understood and quite universally accepted, there are many other 
aspects that might properly be designated as problems. 

In the Neurosurgical Clinic of the University Hospital the material for 
study and observation has been abundant and has imposed many obligations 
that I am quite conscious have not been fulfilled. On my records are 2,198 
cases of what I have designated as major trigeminal neuralgia, known to the 
laity as tic douloureux, and for supplementary study there are 479 cases, 
some of which are border-line and some unquestionably “atypical.” Alto- 
gether, 875 operations have been performed on sensory the root or Gasserian 
ganglion. 

Yet with this unlimited opportunity for observation we know no more 
now than 200 years ago of the etiology. Theories there may be aplenty, but 
facts are whoily lacking. Why should the character of the painful paroxysm 
vary so? Why should there be a trigger zone in some and not in others? 
Why should a patient with this torturing ailment take his punishment for 
twenty years or more before he is willing to capitulate? Why does the victim 
of this disease suffer as much from the dread of an impending paroxysm as 
from the paroxysm itself? Many have acknowledged this to be true. Why 
is morphine not the answer to the 
seen a drug addict among subjects of this disease? Does the motor root 
carry afferent as well as efferent fibres, and what do we know about the 
diencephalic root? Is there an anatomical connection between the trigeminal 
system of either side? These are but a few of the questions that one might 
ask with no thought of drawing an acceptable reply. 

It is my purpose at this time to confine my remarks to bilateral trigeminal 


tic’ patient’s pain and why have we never 


neuralgia. To speak of bilateral trigeminal neuralgia seems an anachronism, 
for, you say, major trigeminal neuralgia is essentially a unilateral disease. 

Essentially this is true, but there are notable exceptions. Depending 
altogether upon ratification by the patient and not upon a systematic canvass 
of the 2,198 cases, only twenty-three instances of genuine bilateral major 
trigeminal neuralgia have been brought to my attention—a morbidity rate 
of about 1 per cent. 
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As to the incidence of bilateral trigeminal neuralgia, there are no avail- 
able statistics upon which may be based an exact statement. In 1932, one 
observer (Glaser: Arch. Neurol. and Psychiat., vol. 28, p. 418, 1932) stated 
that up to that time but fifty-three cases had been referred to in literature. 
The first case to be recorded in detail was that of Winslow in 1896 (ANNALS 
or SuRGERY, vol. 24, p. 748, 1896), although, since his patient was only 
thirty-one years of age, one might question the diagnosis, and ten years later 
Bullock (Lancet Clin., vol. 54, p. 226, 1905) described a case, and this, 
curiously enough, in a colored woman. I say curiously enough since the 
Negro seems to enjoy almost an immunity. 

Harris (Neuritis and Neuralgia, Oxford Medical Publications), who has 
had a liberal experience with this disease, estimates the incidence of bilateral 
cases as 5 per cent. Altogether he had seen in 1926 thirty-six instances and 
if these represented 5 per cent. of his entire series, his total experience 
would include 729 cases. This percentage is so much in excess of the number 
that have developed in my own series that I wondered at the discrepancy. 
Upon investigation of Harris’ experience, I found that he includes in his 
series what he describes as “typical chronic trigeminal neuralgia major”’ in 
patients suffering with some form of chronic spastic paraplegia, usually dis- 
seminated sclerosis. In fact, he says that cases of disseminated sclerosis in 
association with trigeminal neuralgia are numerous, too numerous to be 
accounted for by any theory of chance. The percentage of bilateral cases in 
my series is about 1 per cent. and I cannot recall any case of major neuralgia 
in a patient with disseminated sclerosis. Here again our individual experi- 
ences are widely at variance. 

In his article on bilateral major neuralgia Olivecrona (Arch. f. klin. 
Chir., vol. 164, p. 196, 1931) records but two cases in his clinic. He, too, 
refers to the frequent association with disseminated sclerosis in which disease 
he says bilateral cases are relatively frequent. If this be true, we must 
assume that insofar as the etiology is concerned we must be dealing with two 
separate and distinct expressions of the disease. We are convinced that in 
tic douloureux, unassociated with organic disease, there is no organic lesion 
as the etiological factor, whereas when associated with disseminated sclerosis, 
especially when the neuralgia is bilateral, we must postulate that the neuralgia 
is of central origin. 

It is difficult for me to include in the same category these two neuralgias 
of radically different origin. It is difficult to explain the paroxysmal char- 
acter of true tic douloureux as due to a central organic lesion and [I am 
disposed to believe that were a comparison drawn between the clinical expres- 
sion of these two forms of neuralgia one would find they varied from one 
another in many particulars. 

The incidence in my series more nearly approaches that of Cushing, who, 
in 1920 (Am. Jour. Med. Sci., vol. 160, p. 157, 1920) had seen but two in a 
series of 322 patients, or a percentage of 0.62. In 1926, Adson (Ann. Otol., 
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Rhinol., and Laryngol., vol. 35, p. 601, 1926) reported thirteen in a series 
of 839 cases, or 1.5 per cent. 

It is rather important that we should have a fairly accurate conception 
of the incidence of bilateral neuralgia since so often this pertinent question 
is asked by the patient. What are the chances of the neuralgia developing on 
the opposite side? From the figures at hand I should be inclined to answer 
about I per cent., disregarding the 5 per cent., as quoted by Harris, in whose 
series there are a number of cases associated with disseminated sclerosis. 

In order that there may be no confusion as to the subject under discussion, 
let it be understood that when we speak of a case of bilateral neuralgia we 
imply one in which the disease began on one side and continued on that side, 
be it right or left, for many years before it made its appearance on the 
contralateral side. In my experience and in that of the majority of observers, 
this is the almost universal experience. We admit occasional exceptions, but 
I was surprised to read in Adson’s series (loc. cit.) that the neuralgia 
generally appeared simultaneously on both sides. 

When the patient has been relieved by operation of pain on the side on 
which it originated, the sudden onset of pain on the other side, often after 
a lapse of many years, is a dreadful shock. Having reveled in the relief 
for so many years and never having been told, as he should not be, of the 
remote possibility of an explosion on the free side, the experience undermines 
the patient’s morale. It is a pathetic visitation. In my entire series I have 
seen but-one case of true major trigeminal neuralgia which from the onset 
alternated from one side to the other. Occasionally a patient will tell you 
of the experience of a relative or friend wha had the same disease first on 
one side and then on the other in different years, or at various periods in 
the same year. But true major trigeminal neuralgia never disappears for 
good spontaneously nor is it, except in the rarest instances, an alternating 
affair. 

Because it was an exception to the rule and because it illustrates many 
of the experiences, the trials and the tribulations of the “tic”? patient and 
because, too, it illustrates many interesting features of the bilateral case and 
the bilateral operation, the following case is introduced and here described in 
some detail. 

First Hospitalization—S. MacM., aged fifty-three years (File No. 22057) was 
referred to the Neurosurgical Service, June 24, 1931, by Dr. W. L. Nance, of Georgia, 
with the following history : 

Beginning in 1914, following some dental trouble, he developed what seemed to 
be an attack of typical major neuralgia on the Jeft side of his face. At first the third 
division (tongue, angle of jaw) were involved and later the maxillary division (infra- 
orbital distribution). The pain was controlled for a while by repeated alcoholic 
injections. 

As the pain decreased on the J/eft, it developed on the right side (mandibular 
division). In 1924, he had all of his teeth extracted but without relief. As the alcoholic 
injections on the right side began to lose their effect he came to our clinic prepared 
for operation. 
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First Operation.—Subtotal section of the sensory root, right, June 25, 1931. Ether 
anesthesia. The ganglion was approached by our conventional temporal approach. 
It was described as very thin and it was recorded that the whole ganglion, including its 
mesial margin, was exposed. <A perfect view of the sensory root was obtained; one 
outer and two of the mesial fasciculi were isolated and the intervening fasciculi divided. 
After securing perfect hemostasis the wound was closed with tier sutures without drain- 
age. After an uneventful convalescence the patient was discharged from the service 
seven days after the operation. 

Second Hospitalization —Not long after the sensory root was divided on the right 
side (1931) the pain reappeared on the left side. It was the typical “tic” pain, paroxysmal, 
aggravated by talking and swallowing and eating, sharp, shooting, and was referred both 
to the maxillary and mandibular divisions. The patient had had all his teeth extracted, 
as recorded above, he had had several sinus operations, thirty osteopathic treatments 
and a number of alcoholic injections. Finally, 
he became demoralized and returned to our 
Neurosurgical Clinic June 10, 1034, just three 
years after his first operation. 

Examination.—At this time it was observed 
that the right masseter muscle (side of first 
radical operation) contracted although there 
was a slight deviation of the jaw to the left 
upon opening the mouth, but the left masseter 
did not contract. Probably the motor distribu- 
tion of the trigeminus had been damaged by the 
repeated alcoholic injections (left). A careful 
sensory examination on the right side revealed 
total anesthesia to pain (Fig. 1), as one would 
expect, in the mandibular and maxillary divisions 
(right). There appeared to be a left Horner’s 
syndrome. The patient apparently had reached 


the limit of endurance and craved relief by Fic. 1.—The area of anesthesia after sub- 
total section of the sensory root. 


operation. 
Second Operation—Subtotal section of the sensory root, left, June 22, 1934. In 


this case the function of the masseter was preserved on the side of our previous radical 
operation but as a result of multiple alcoholic injections elsewhere, was lost on the 


side we were about to operate upon. There was, therefore, no ‘special reason for con- 


cern about the motor root. But since it is our practise to do so as routine, the motor 


root was avoided. The outer two-thirds of the sensory root were divided and the wound 


closed without drainage. 

Comment.—There must be exceptions to all rules as there was in this case. 
Rarely does the pain alternate, first on one side, then on the other. In this 
case it did unquestionably. It began on the right, later involved the left 
side and later subsided only to reappear with increasing severity again on 
the right. 

As to sex of the twenty-three cases of bilateral major neuralgia, nineteen 
were female and four male; and as to the age, one was under forty, five 
between forty and forty-nine, seven between fifty and fifty-nine, four between 
sixty and sixty-nine, and five were between seventy and seventy-five. 

There is usually a lapse of one to many years between the original onset 
on one side and the development of the disease on the other. In my own 
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series there were intervals varying from one to twenty-two years. In my 
experience and in that of others the pain which appears later on the opposite 
side is usually of much less intensity. This is a matter of practical signifi- 
cance since if the contralateral pain is not severe the performance of a major 
operation may not be justifiable. And so, in my series of twenty-three cases 
the radical operation was performed on both sides in only four instances, 
That an alcoholic injection was all-sufficient to control the pain on the second 
affected side may be assumed from the fact that in only one instance did the 
patient return for a second injection, that is for the pain on the contra- 
lateral side. 

That trigeminal neuralgia is in an overwhelming majority of cases right- 
or left-sided might offer a clue as to its etiology. At once this unilaterality 
suggests a unilateral focus of irritation. Yet today no one will venture to 
attribute this pain syndrome to any peripheral lesion. Certainly, not to any 
infection process, not to sinusitis and not to dental sepsis. Sinuses have 
been drained freely and every tooth often has been extracted. 

One returns ever to the thought that the pain may be due to vasospasm. 
The trigeminal system is so richly endowed with sympathetic plexuses and 
ganglia, that this hypothesis would seem to have a reasonable foundation. 
Can one draw an analogy between Raynaud’s disease and trigeminal neu- 
ralgia? Inthe former, vasospasm is admitted to be the causal factor of pain 
but Raynaud’s disease is almost invariably bilateral in its distribution and 
trigeminal neuralgia, with these few exceptions, unilateral. After drawing 
this analogy one comes to the end of the road of speculation. In favor of 
vasospasm as the cause of pain are: first, the fact that the pain is paroxysmal 
in character; and, secondly, that no matter how long the duration of the 
disease, one can find absolutely not a vestige of structural damage to the 
trigeminal system from its peripheral filaments, through its chief divisions, 
through the ganglion, through the sensory root to the central nuclei. 

However one may speculate as to the origin of bilateral trigeminal 
neuralgia or however the incidence of the bilateral true paroxysmal neuralgia 
may vary in the statistics of various clinics, the practical aspect of the disease 
in question relates only to the treatment. 

Why should the treatment of bilateral neuralgia differ from that of uni- 
lateral neuralgia? It is not a question as to whether the pain can be relieved 
on both sides but whether in the treatment employed the motor root can be 
conserved. The motor root supplies the pterygoid, the masseters and the 
temporal muscles, the muscles of mastication. Not only would the patient 
not be able to masticate were the motor root sacrificed on both sides, but 
the patient would not be able to keep her mouth shut, actually not figuratively 
speaking, acknowledgedly a lamentable predicament. And so in all discus- 
sions of the treatment of bilateral neuralgia one’s attention is focused on the 
motor root. The importance of conserving the motor root was appreciated 
long ago. In that oft-quoted article (Tiffany, ANNALS oF SuRGERY, vol. 24, 
p. 575, 1896) Tiffany, in 1896, wrote: 
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BILATERAL TRIGEMINAL NEURALGIA 


“The expediency of attempting to save the motor fibres accompanying the third 
division may be considered. Usually I have not taken the pains to do so, yet I thought 
that I recognized them. In one of my cases the muscles of mastication were made to 
contract again and again by passing a tenaculum under the third branch close to the 
bone. Because of the case reported by Winslow comes the suggestion that perhaps 
an operation may be expedient on both Gasserian ganglia, and if so, a bilateral paralysis 
of the muscles of mastication would be unfortunate (italics mine). While the necessity 
for a bilateral operation is remote, yet the Hartley-Krause operation will be more 
complete if the motor root is spared, and I think it can be.” 

As a matter of fact, it is generally acknowledged that in resections of 
the Gasserian ganglion, either unilateral or bilateral, the motor root would 
be sacrificed. However, since excisions of the ganglion have been abandoned, 
this plan of treatment can be omitted from our discussion. 

Of the radical methods of treatment there remain only to be considered 
alcoholic injections of the ganglion or the conventional operation on the 
sensory root. Wilfred Harris (loc. cit.), an outstanding exponent of the 
injection treatment, states that paralysis of the masticating muscles follows 
the injection immediately, but with rare exceptions the muscles commence to 
recover within a few months and eventually complete power returns. In this 
connection I might refer to the case above reported in which after repeated 
injections of the third division motor root paralysis persisted. He acknowl- 
edges, however, that there are exceptions, and, in this connection, Olivecrona 
(loc. cit.) says in his experience regeneration of the motor root is not so 
universal that one can be sure of it. While I have had no experience with 
bilateral injections of the ganglion, admission of the uncertainty of func- 
tional recovery of the motor root should stamp this procedure as unacceptable 
if not prohibitive. 

If excisions of the Gasserian ganglion and alcoholic injections of the 
ganglion cannot be performed with absolute assurance that the motor root 
will be conserved, what can be said of the conventional operation on the 
sensory root? In 1g19, I first called attention to the possibility and feasi- 
bility of conserving the motor root in the radical operation on the sensory 
root (J.A.M.A., vol. 87, p. 1730, 1920). We had not discussed the question 
before but it then became evident, first, that the motor root could readily be 
identified and, secondly, that it could be separated from the sensory root. 
To be sure it lies in close contact with the sensory root, directly behind it, 
and in some instances its separation is more difficult than in others. We 
have called attention to the fact that in some cases the individual fasciculi 
of the sensory root are not, as in the average case, easily counted and separated 
one from the other. In the exceptional case the fasciculi are matted together 
as though there had been some inflammatory process, an arachnitis if you 
choose. In such instances the motor root may be with greater difficulty 
isolated. 

But though there seems to be some skepticism on the part of certain 
authors, it will now be acknowledged by all who have had more than a casual 
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experience with sensory root operations that conservation of the motor root 
in the conventional operation on the sensory root is readily accomplished. 
One of the skeptics said he could well understand why even the most experi- 
enced surgeon would hesitate to perform the radical sensory root operation 
on a patient whose motor root had been sacrificed at a previous operation on 
the opposite side. He had in mind my experience with a patient upon whom, 
for the first time, the radical sensory root operation, first on the one side 
and later on the other, had been performed. It so happened in this case that 
I had sectioned the left sensory root in 1917. Up to this time conservation 
of the motor root had not been attempted. In 1926, the patient reappeared 
in the clinic with major neuralgia on the opposite or right side. There was 
complete paralysis of the muscles of mastication on the left side. At first we 
proposed an alcoholic injection. But knowing the transitory effect of the 
injection treatment and coming as she had from a great distance (Lima, 
Peru), the patient insisted upon the major operation. Although we had 
been in the habit of conserving the motor root for seven years, this was the 
first occasion on which I was confronted with a case in which one would 
have declined to operate, unless confident of one’s ability to protect the only 
remaining motor root. I welcomed the opportunity to make this demonstra- 


This introduction is perhaps too long for the recital of what was at 


tion. 
The operation was performed and 


that time in our clinic a routine practise. 
the function of the motor root was conserved. To be sure in this case there 


was a transitory paralysis due to the trauma incidental to the operation but 
on the seventh day the function of the muscles returned. I say routine 
practise, our plan of procedure is as follows: assuming the ganglion has been 
reached, the dura is separated from the surface of the ganglion until one can 
see on its mesial side the bluish, pulsating arachnoid overlying the sensory 
root. The arachnoid is incised just mesial to the ganglion and at right angles 
to the root. Thus, and in this way only, is a free exposure of the root 
secured. We assume a subtotal section of the root is contemplated and, in 
most cases this implies an accurate section of the outer two-thirds of the 
root. To accomplish this we proceed first to elevate the outer third of the 
root; this third is encircled on a special hook and divided. Now the motor 
root lies behind the mesial portion or middle section of the sensory root. 
This portion of the sensory root is then elevated from the base of the skull 
and at once the motor root will be seen. It can readily be identified, first 
because it appears quite separate and apart from the sensory root, and 
secondly because of its passage behind the ganglion. After thus isolating tie 
motor root, the mesial portion of the sensory root is encircled on a hook, as 
with the outer third already divided, and sectioned. 

Sometimes, be it remembered, the motor root may be composed of two 
fasciculi. It is well to bear this in mind because one may fear lest one of 
these two fasciculi may belong to the sensory root. And, be it remembered 
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BILATERAL TRIGEMINAL NEURALGIA 


too, that there is a great variation in the size of this motor root; in one case 
its diameter may be twice that of another. 

It is not in every case of bilateral neuralgia that the radical operation must 
be performed on both sides. In the first place, one must always consult 
the wishes of the patient. This is my invariable practise in all cases of 
neuralgia whether unilateral or bilateral. It is for the patient to decide 
whether he prefers an alcoholic injection or an operation. In the second 
place when in bilateral cases the pain appears on the opposite side, it is 
usually of not nearly the same violent intensity and is usually confined to a 
single division. Under these circumstances an alcoholic injection will be all- 
sufficient. In only one instance did the patient return for a second injection. 
In the entire series of twenty-three cases were there five bilateral major 
operations; there were nine major operations on one side with alcoholic 
injections on the other; there were six major operations on one side, and, 
though pain developed on the opposite side, the patient did not return for 
treatment ; there were three bilateral alcoholic injections. 

Thus, in a discussion of the treatment of bilateral neuralgia, it is the 
motor root alone that commands our attention. The hazards of the operation 
have been so reduced that a fatality is a rare exception. Our mortality rate 
is .8 of 1 per cent. Many years ago surgeons dreaded the thought of a 
bilateral keratitis and its possible effects upon vision. With the subtotal 
section introduced by us and practised since 1915, we have found an effective 
way of avoiding corneal complications. 

Since my original demonstration in 1926, I have performed the radical 
operation in four other cases. The interval between the first and second oper- 
ations in the five cases was one, two, three, five and eight years, respectively. 
In two of the four cases the outer two-thirds of the sensory root was divided ; 
in two the outer two-thirds was divided on one side and the middle third on 
the other ; in one the outer two-thirds of the sensory root was divided on one 
side and the outer two-thirds of the ganglion was resected on the other. 

From this series it may be concluded when, for any reason, the radical 
operation on the sensory root is indicated, one may perform the operation 
with the assurance that the muscles of mastication will not be paralyzed. 


Discussion.—Dr. Wittiam Jason Mrxter (Boston, Mass.).—Doctor Frazier’s 
experience is so great in this field that there is little that can be added to what he has 
said in his paper. 

It has been my fortune to deal with fifteen of these cases. Four of them were 
subjected to bilateral section of the posterior root, two of the four having been operated 
on for the first time by my father while he was still alive. 

The interesting thing in that group of four cases to me was that the anterior root 
could be preserved with good function of the muscles of mastication on one side, but 
that most patients had great difficulty in feeding themselves after both posterior roots 
had been cut. They lost the sense of position of their own mouths to such an extent 
that all of them had to learn to eat over again with a mirror. Otherwise they were 
sticking their noses and their tongues with their forks and having a terrible time. 
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Therefore we must admit that there is a very definite disability following bilateral 
section of the posterior roots. However, in cases with extreme pain there is no 
question in my mind but that it is an operation of very great value for the relief of 
these patients. 


Dr. Martin Buet Tinker (Cornell Heights, Ithaca, N. Y.).—It seems to me 
Doctor Frazier deserves great credit for improving the modern operation by dividing 
the sensory roots rather than the entire root as was formerly done. 

This is impressed upon me especially by reason of the fact that my early training 
was with Doctor Keen in the last part of his work in Philadelphia, where he had at 
that time an unusual series of thirty operations. It was also my privilege to assist 
Harvey Cushing in his early work at Johns Hopkins. In those days the motor root 
was always sacrificed, and those who have seen the results realize the disadvantages 
to these patients. 

Doctor Frazier’s safeguarding the eye is also highly important. The trophic dis- 
turbances in some patients are serious indeed. Some of you have seen an eye lost as 
a result of trophic disturbances. Doctor Frazier largely has been responsible for 
eliminating these two serious dangers in the modern Gasserian operation. 

People in the smaller cities and country districts also have trigeminal neuralgia, and 
some of them haven't the price of carfare to Philadelphia. 

Some younger members of this Association ought to go some place and learn this 
work; it isn’t impossible or necessarily serious. I haven't lost any of my patients and 
I have succeeded in relieving many people who suffered great distress, as all know who 
have had much experience, in the treating of such cases. 


a 


= 
A 
) 
| 
> 


GYNECOMASTIA, VIRGINAL HYPERTROPHY AND FIBRO- 
ADENOMAS OF THE BREAST 


By Dean Lewis, M.D., ann F. Gescuickter, M.D. 


oF BALTIMORE, Mb. 


FROM THE SURGICAL CLINIC OF THE JOHNS HOPKINS HOSPITAL AND UNIVERSITY 


In THE laboratory of Surgical Pathology of the Johns Hopkins Hos- 
pital may be found tissue from ninety-five cases of gynecomastia, from 
twenty-three of virginal hypertrophy, and 450 fibro-adenomas. A study of 
these different tissues indicates that they have many points in common 
and that there may be a common etiological factor. (Figs. 1-8.) 

GyYNECOMASTIA.—Gynecomastia is observed most frequently in white 
males, and occurs most commonly between the ages of thirty and forty 
years. It is more often unilateral than bilateral. The breast when affected 
is soft or moderately firm, frequently tender, but rarely nodular. The breast 
may vary considerably in size, and enlargement may again occur after the 
breast has become spontaneously reduced in size. In about 15 per cent. of 
the cases the enlargement begins at puberty or shortly thereafter. Malignancy 
has not been observed in gynecomastia. 

The enlargement observed in gynecomastia is caused by proliferation of 
the ducts and an increase in the amount of periductal tissue. In the ninety- 
five cases which have been examined no acinar or lobule formation has been 
found. In these ways gynecomastia differs from the adenomas observed in 
females. The ducts are usually lined by two or three layers of cells. The 
cells fill the blind ends of the ducts, differentiate rapidly, and may be cast 
off into the lumen to form the colostrum corpuscles. The connective tissue 
on which the cells rest is loose and of the embryonic type. The perilobular 
and interlobular connective tissue which forms the greater part of the en- 
larged breast,is of the adult fibrous type. During the last third of embryonic 
life the histological changes occurring in the breast of both the male and the 
female are not unlike those observed in gynecomastia. The ducts, although 
few in number, are dilated and lined with two or more rows of cells. Loose 
connective tissue is found outside the basement membrane, and this is 
surrounded by a fibrous stroma, the cells of which are of the adult type. 

Clinical observations which have extended over a number of years have 
indicated that there is a definite relationship between the sex organs and 
gynecomastia. Enlargement of the male breast has been observed in herma- 
phrodites, pseudohermaphrodites, and associated with imperfect develop- 
ment of the sex organs. Such observations have been recorded by Beau,” 
Polaillon,'® and others almost a century ago. Atrophy of the testicle has 
been recorded in some of these. Such findings have been interpreted as 
supporting the theory advanced by Moszkowicz,' that testicular secretion 
inhibits the growth of the male breast. Other observations, such as the 
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association of gynecomastia with chorio-epithelioma of the testicle, seem to 
controvert the theory just referred to. The relationship between gyne- 
comastia and chorio-epitheliomas and teratomas of the testicle has heen 
especially emphasized by Kriss.'' More recently a number of investigators, 
among whom may be mentioned Bailey,’ Cairns,! Heidrich,” Ferguson, and 
Hertzenberg,’” have emphasized the relationship between chorio-epitheliomas 


Vie 


Fic. 1.—(Path. No. 52736.) Early puberty hypertrophy in the breast of a colored girl aged eight. 
The specimen was removed at autopsy following death from tuberculous meningitis. There is hyper- 
trophy of the duct epithelium and hyperplasia of the periductal connective tissue. 

Fic. 2.—(Path. No. 39909.) Gynecomastia occurring in the left breast of a man aged forty- 
five. The histological changes are more marked but similar to those seen in Fig. 3. 

Fic. 3.—(Path. No. 18146.) Virginal hypertrophy in a white girl aged seventeen, with onset 
ny al previously or two years prior to menstruation. The tissue resembles that seen in Figs. 
2 and 4. 

Fic. 4.—(Path. No. 35109.) Fibro-adenoma occurring in a girl of twenty-six years. The tissue 
simulates that seen in normal puberty hypertrophy, gynecomastia and virginal hypertrophy. 


of the testicle and gynecomastia. The chorionic tissue of the placenta may 
produce both prolan b and oestrin. Such tissue is found in both teratomas 
and chorio-epitheliomas. Extracts of such tissues when injected experi- 
mentally have a marked effect on breast tissue. 

Hyperplasia of the interstitial cells of the testicle is not infrequently 
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observed in atrophy of the testicle. Lower and Johnston!* have shown that 
small doses of X-ray over the testicles produced a marked atrophy of the 
tubules, accompanied by an increase in the interstitial cells. Roth?® and 


Fic. 5.—(Path. No 53218.) Bilateral gyne- Fic. 6.—(Path. No. 53218.) Photomicrograph 
comastia more pronounced on the left in a col- of a biopsy removed from the patient shown in Fig. 
ored boy of seventeen. The enlargement of 5. The tissue is typical of gynecomastia. 
the breast occurred at the age of twelve and 
persisted without noticeable change during the 
past five years. 


Fic. 7.~-(Path. No. 20840.) Bilateral diffuse virginal hyper- 
trophy in a white woman of thirty-one. The enlargement of the 
breasts had begun eighteen years previously at the age of thir- 
teen, before the onset of menstruation, 


Moehling'® have reported cases of hypophyseal tumors in men in whom 
there was an enlargement of the breast. Mathias and Weber™ (cited by 
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Menville) have reported a malignant tumor of the adrenal cortex in a man 
with gynecomastia. The exact relationship between the ductless glands is 
not known in these cases, but hyperplasia of the interstitial cells of the testicle 
secondary to hypophyseal or adrenal tumor may account for the enlarge- 
ment of the breasts. 

Experimentally, we have produced changes in the breasts of male mon- 
keys which clinically and histologically are similar to those observed in 
man. (Figs. 9g and 10.) These changes have been produced by the injection 
of oestrin in amounts varying from 2,000 to 5,000 rat units. E. R. Squibb 
and Sons have kindly furnished us with material which bears the trade name 
of Amniotin, the hormone be- 
ing in solution in corn oil; 
5,000 rat units in doses of 500 
units were given a cebus mon- 
key over a period of ten days. 
Two thousand units were given 
the macacus monkeys in small 
doses of sixteen to sixty-four 
units daily over a period of six 
weeks. The most positive re- 
sults were obtained when small 
doses were given daily over 
longer periods. The changes 
produced were bilateral. The 
breasts and nipples increased 
in size. At the end of the ex- 
periment the nipple stood out 


Fic. 8.—(Path. No. 7135.) Encapsulated fibro-adenoma 
almost two centimetres beyond 


the breast, and the breast, the measurement being taken from the base of the 
nipple to the axillary margin, measured two and one-half centimetres. 

These changes occurred in the breasts of all the monkeys (two cebus and 
five macacus). ‘Tissue for control purposes was removed from the breasts 
before the injections were made. The same changes were produced in one 
monkey which had been castrated. Castration was performed in order to 
rule out any possible effect of testicular secretion. The enlargement had a 
tendency to regress at the end of two weeks. 

Microscopically, the changes noted in the breast are those of gynecomas- 
tia. (Figs. 10 and 11.) The length of the ducts was increased, and the ducts 
were dilated. There was also noted an increase in the number of epithelial 
layers. The characteristic proliferation of periductal connective tissue was 
also observed. When regression occurred, the epithelial layers of the ducts 
were decreased in number, and the periductal connective-tissue increase became 
less marked and resembled more the adult type. Regression was hastened by 
castration of the animals. 

In four male monkeys (one cebus and three macacus) in which one or both 
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GYNECOMASTIA, HYPERTROPHY AND FIBRO-ADENOMAS OF BREAST 


testicles were present, a condition resembling, but not identical with, gyne 
comastia was produced by injections of the anterior pituitary like hormone 
(chorionic gonadotropic hormone) obtained from pregnancy urine. This 
hormone, follutein in powdered form, was kindly furnished us by E. R. Squibb 


Whole section through the breast of a young male macacus mon- 
(Amniotin, Squibb) over a period of six 
through the hypertrophy of the duct epi- 
The nipple was also markedly enlarged. 


Fic. 9.—(Path. No. 53310.) 
key who had received slightly over 2,000 units of oestrin 
The size of the breast is slightly more than double, 
and the increase in the surrounding fibrous stroma. 


weeks. 
thelium < 


Me 


y 
, 
% 
- 
Fic. 10.—(Path. No. 53310.) Photomicrograph from the breast 
of the monkey shown in Fig. 9. Marked increase in the number of 
cells lining the ducts in the periductal fibreus tissue is shown. Compare 


2 


this with the histological picture of gynecomastia shown in Fig. 


and Sons. It was dissolved in sterile water. The dose varied between 7,000 


and 20,000 rat units. (Figs. 12, 13, 14 and 15.) 
Moderate bilateral enlargement of the breasts was produced by this solu- 
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tion. Microscopically, the changes were not so marked as those cited above. 
The epithelial and periductal changes were not so marked as in the typical 
gynecomastia. The testicles were enlarged, being about two and one-half 
the size of those of the cebus monkey. Histologically, a definite hyperplasia 
of the interstitial cells was noted. Hypertrophy of the prostate, which in one 
monkey caused urinary retention and dilatation of the bladder, was also ob- 
served. 

There is much clinical evidence which supports the view that gynecomastia 
is due to the action of the oestrus or female sex hormone. In the case studied 
by Heidrich® and his co-workers associated with a teratoma of the testicle, 250 


Fic. 11.—(Path. No. 42294.) Whole section through a breast removed for gynecomastia. The 
histological structure shows an increase in the number of ducts and surrounding connective tissue. 


units of the female sex hormone were recovered from a litre of urine and, in 
addition, 35,000 units of the gonadotropic hormone. Hamburger*® found both 
oestrin and the gonadotropic hormone in the urine of a patient with a tumor of 
the testicle. In another case, however, oestrin could not be recovered from the 
urine. The uninvolved testicle in this case was larger than normal when the 
enlargement of the breast was first noted. Ferguson’s cases were carefully 
studied. Quantitative determinations of the gonadotropic hormone were 
made, but examinations of the blood and urine to determine the presence and 
amount of oestrin were not made. Ferguson called attention to the hyper- 
plasia of the interstitial cells of the testicle in teratoma associated with gyne- 
comastia, but drew no conclusion in regard to the relation between the in- 
crease in interstitial cells and breast hypertrophy. Oecstrin has been extracted 
from the testicle by Fellner® and Laqueur.'* The content of oestrin is espe- 
cially high in the testicle of the stallion. 
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VirGInAL virginal hypertrophy the 
female is the homologue of gynecomastia in the male. The enlargement of 
one or both breasts is quite definitely related to the pre-puberty period. In 
fifteen bilateral cases which have been studied in the laboratory, the beginning 
of the development of the hypertrophy antedated the menarche by one or two 
years. Histologically, the changes in virginal hypertrophy, as regards duct 


Fic. 12..-(Path. No. 52733.) Adult cebus monkey. Photomicrograph of moderate gynecomastia 
produced by the injection of 7,500 rat units of anterior-pituitary-like hormone (Follutein-Squibb) in 
four successive doses. 

Fic. 13.—-(Path. No. 52738.) Photomicrograph of the testicle following the injection given to 
the same monkey shown in Fig. 12. The tubules are crowded out by a marked interstitial cell hyper- 
plasia. This monkey also had as a result of the injections marked prostatic hypertrophy with uri- 
nary retention and dilatation of the bladder. 

Fic. 14.--(Path. No. 53550.) Adult macacus monkey. Photomicrograph of the breast of a mon- 
key serving as a control for the experiment depicted in Figs. 12 and 13. Note the single layer of 
duct epithelium and the acellular fibrous tissue. 

Fig. 15.--(Path. No. 53350.) Testicle of the monkey shown in Fig. 14. The tubules crowd 
together and interstitial cells can be found only in thin strands. Compare with Fig. 13. 


epithelium and the stroma, are like those observed in gynecomastia and fibro- 
adenomas. The ducts and periductal connective tissues are surrounded by 
greatly increased amounts of perilobular fibrous tissue, which in areas may be 
hyalinized. As in fibro-adenomas, in virginal hypertrophy acini may be 
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found after the onset of menstruation. This is probably due to the action of 
corpus luteum secretion. 

Apparently localized response leads to the formation of fibro-adenomas, 
while a general response in one or both breasts causes unilateral or bilateral 
virginal hypertrophy. When the local response is marked, there is a tendency 
for the remaining portions of the breast to respond less intensely, and the 
virginal hypertrophy is not so great. This accounts for the clinical fact that 
fibro-adenomas and virginal hypertrophy are frequently associated. 

FIBRO-ADENOMAS.—Fibro-adenomas are benign, well-encapsulated tumors, 
These are relatively common during the active sex life of women. In the 480 
cases which have been studied, the following features are significant : 


_ Fic. 16.—(Path. No. 53554.) Whole section through the breast and fibro-adenoma removed from 
a girl in the post-puberty period. Under the microscope this tumor showed areas of the fibro-adenoma 


and of the intracanalicular type. 

(1) The relation of isolated fibro-adenomas to diffuse enlargement of the 
breast (virginal hypertrophy ). 

(2) The slow, prolonged growth, the period of growth averaging from 
three to four years, and the tendency for involvement of a section of the 
breast, or the formation of multiple tumors. 

(3) The tendency of these tumors to appear during puberty or pregnancy. 

(4) The histological similarity to the changes observed in gynecomastia. 
In fibro-adenomas there is an increase in duct epithelium, periductal and 
perilobular connective tissue. In many instances no acinar formation is noted, 
as in gynecomastia. 

Solitary fibro-adenomas are most frequently noted in the upper and outer 
quadrant of the breast at the periphery. (Fig. 16.) In one-third of the cases 
the nodule is painful or tender. Rarely does the nodule increase in size dur- 
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ing menstruation. Increase in size not infrequently occurs during pregnancy. 
The breast containing the fibro-adenoma or fibro-adenomas is, as a rule, well 
developed. Forty-one cases of fibrosarcomas seem to have been definitely 
related to fibro-adenomas. The sarcomas occurring in this series have been 
reported by Fox.’ In about 10 per cent. of the cases in which local removal 
has been attempted similar growths have developed subsequently in the same 
or opposite breast. 

Most of the cases were observed between the twentieth and twenty-fifth 
years. The history usually given is that the nodules have been observed three 
or more years. This indicates that the growth developed before twenty. Only 
seven patients in the series were over fifty years of age. \Vomen near the 
menopause who are treated for this type of tumor usually give a long history 
when carefully questioned. In the cases of short duration the tumor not in- 
frequently has the histological appearance of an intracanalicular myxoma, 
with large amounts of loose tissue, more or less embryonic in type, surround- 
ing the epithelial structures. In the cases of longer duration, a stroma of a 
more adult type surrounds the epithelial structures. The difference in type of 
the connective tissue is definitely related to the rapidity of growth, and is the 
only distinguishing feature between the two. 

Knowledge of the distribution of the fibrous tissue and the character of 
response of the epithelium during periods of physiological activity is neces- 
sary to the understanding of fibro-adenoma formation. Four varieties of 
fibrous tissue may be recognized in a series of adenomas. Two are fascial in 
type. One, enveloping in type, surrounds the entire breast; another sub- 
divides the gland into lobules—the interlobular connective tissue. Both of 
these are relatively unimportant as regards the formation of fibro-adenomas. 
The perilobular connective tissue surrounds the ducts and acini in concentric 
fashion. The periductal or peri-acinar connective tissue is a continuation of 


this perilobular tissue. 

In fibro-adenomas a definite increase in the periductal and perilobular con- 
nective tissue is noted. In Ig0 cases a young connective tissue of a loose 
myxomatous appearance (so-called intracanalicular myxoma) predominated. 
In 150 cases the connective tissue, although somewhat cellular, was of a more 
adult type. In only sixty-one cases was the tissue of the compact, fibrous 
type, which indicated an end-stage of the process. 

In fibro-adenomas, the normal puberty type of hypertrophy, previously 
mentioned, is simulated. In 341 of 400 cases an increase in the number of 
layers of epithelial cells was noted. Hypertrophy of the ducts is, as pointed 
out by Oliver and Major,'* the characteristic feature of the epithelial change. 
Compression of the epithelium, indicating a greater growth of connective 
tissue than of epithelium, was noted in 147 instances. In 130 cases small 
ducts or acini were a prominent feature, indicating that a menstrual type of 
change had been superimposed upon the puberty type. Many of these 130 
cases showed dilated ducts and small cysts, indicating an involutional change, 
such as is observed after menstruation. 
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Microscopical studies would seem to indicate that fibro-adenoma formation 
is essentially an exaggerated puberty hypertrophy. The majority show no 
acinar formation and resemble histologically the changes seen in gynecomastia, 
Lobule formation and cystic dilatation of the ducts may be looked upon as a 
menstrual phenomenon superimposed upon puberty hypertrophy. 


oe 


Fic. 17.—(Path. No. 40630.) Typical gynecomastia from the breast of a white man aged sixty- 


two, of two and one-half months duration. 
Fic. 18.—(Path. No. 53308.) Macacus monkey. Typical gynecomastia produced by the injec- 
tion of 2,200 rat units of oestrin (Amniotin, Squibb) over a period of six weeks. Compare with 


Fig. 17. 
Fic. 19.—(Path. No. 21012.) lypical fibro-adenoma excised from a white unmarried woman of 


twenty-five. The patient had noticed the tumor for one year. 

Fic. 20.—(Path. No. 56671.) Photomicrograph of typical fibro-adenomatous areas produced by 
the injection of 6,000 rat ‘units of oestrin (Amniotin, Squibb) in a white woman aged forty-two. 
The patient had had a_ previous operation for a galactocele. The injections had been continued for a 
period of three weeks. Compare with Fig. 19, 

The relationship between fibro-adenomas to physiological hypertrophy of 
the breast during puberty is substantiated by the findings in 220 fibro-ade- 
nomas which occurred in women who had not borne children. One hundred 
forty-seven of these patients were under thirty years of age. The average 
time that the nodule had been noted was somewhat over three years. In 
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sixty-five cases the patient was under twenty years of age, and in twelve 
under fifteen years when examined. In the remainder, the average age was 
thirty-six years, and in these the average time that the tumor had been noted 
was between six and seven years. When the time that the tumor had been 
noted is subtracted and when allowance is made for the time that must elapse 
before these slowly growing tumors become large enough to attract the pa- 


Fic. 21.-(Path. No. 57261.) Fibro-adenoma occurring in a colored girl of twelve before the 
onset of menstruation. The illustration shows a piece from the mid-section of the gross specimen. 
‘Tne remainder of the specimen was ground and assayed for oestrin and showed a concentration in 
excess of five rat units per Gm. of tissue. 

Fic. 22.—(Path. No. 57261.) Photomicrograph from the specimen shown in Fig. 21 showing a 
typical fibro- adenomatous area. 

IG. 23.—(Path. No. 57261.) Photomicrogr aph showing another area of the specimen shown in 
Fig. 21. The connective tissue in the tumor is compressing the ducts which have undergone a marked 
hypertrophy. 

Fic. 24.—(Path. No. 57261.) Photomicrograph of the breast tissue surrounding the tumor shown 
in Fig. 21. The increased number of cell layers in the duct lining and the increase in periductal 
connective tissue in the tissue surrounding the tumor is in response to a higher level of oestrin in 
the blood. 


tient’s attention, it seems justifiable to conclude that the tumor usually begins 
to develop between the tenth and twentieth years. Rarely do fibro-adenomas 
develop in the decade between thirty and forty, practically never after the 
menopause. 

One hundred of the fibro-adenomas occurred in women who had borne 
children. These occurred most frequently in women between twenty and 
at the same age, as mentioned above, in unmarried 
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women and women who have not borne children. Thirty-four of the older 
women who had borne children thought that the tumor was related to some 
phase of pregnancy. In twenty-seven instances the tumor was removed during 
pregnancy or lactation. This group of cases has been reported by Moran,'* 
An analysis of this group in which rapid enlargement of pre-existing adeno- 
mas occurs during pregnancy would suggest that the initial development may 
occur during pregnancy, and that further growth is associated with the 
physiological changes of pregnancy and lactation. 

Believing that fibro-adenomas, gynecomastia and virginal hypertrophy may 
represent different phases of the same process, and that their development 
might be dependent upon ovarian hormones, we have begun to assay some of 
these tumors for oestrin. One tumor yielded oestrin in high concentration. 
This tumor was removed from a twelve-year-old colored girl who had not 
menstruated. The breast from which a large adenoma was removed was 
enlarged—a stage of virginal hypertrophy. (Figs. 17 te 20, Figs. 21 to 24.) 

This tissue was kindly assayed for us because of the cooperation of Doctor 
Morrell, of E. R. Squibb and Sons. The preliminary assay of this tissue 
yielded more than five rat units per Gm. of tissue, or more than forty-five 
times as much oestrin per unit weight as is found in the normal sow’s ovary, 
which is a potent natural source of the hormone. In other words, this fibro- 
adenoma developing at puberty yields in the neighborhood of 2,500 units per 
pound of tissue; whereas a normal source, the sow’s ovary, yields only from 
fifty to seventy-five units per pound. This finding indicates that the type of 
tumor tissue under discussion has a marked capacity to concentrate oestrin. 

The relationship between fibro-adenomas and cystic disease of the breast 
is of much interest. Contrasted with fibro-adenomas, cystic disease of the 
breast is most common in adult, childless women during the period of life 
when there are repeated variations in the levels of ovarian hormones. The 
variations in level are repeated at each menstrual cycle. Fibro-adenoma 
formation is incompatible with regular repetition of the menstrual cycle, and 
is, therefore, most frequently encountered at puberty and in the latter half of 
pregnancy. Ina previous paper it was suggested that cystic disease of the 
breast represents a response to an increased amount of oestrin supplied during 
the menstrual period associated with but partial or incomplete involution. 
When but partial involution is superimposed on a pre-existing fibro-adenoma, 
cystic changes occur in adenomas. 

Bloodgood* has classified a group of tumors as cystic fibro-adenomas. 
These tumors develop at puberty or shortly after, but have persisted during 
the menstrual life of the patient. The patients having such tumors are usu- 
ally between twenty-five or thirty years of age and have not borne children. 
Three of the patients were married, but had never been pregnant. ‘The re- 
mainder were single. The tumor had been present from one to ten years. 
The progressive change from a typical fibro-adenoma developing soon after 
puberty to a cystic fibro-adenoma is well illustrated by the following history: 
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The patient, a white female, aged thirty-eight years, when twenty-six years of 
age noticed a small lump in the right breast. She wore a tight brassiere. In 1924, two 
years after the tumor was first noted, it had reached the size of a walnut. This tumor 


was removed March 12, 1924, and on examination proved to be a typical fibro-adenoma. 


Hyperplasia of the duct epithelium, with an increase of the tissue of a myxomatous 


type, was noted when the tissue was examined. No lobules or acini-like structures were 


found. Histologically, the tumor resembled the tissue of gynecomastia. In 1931, a tumor 


‘ 


Fibro-adenoma with multiple recurrences in unmarried white 
woman of twenty-six. The photomicrograph is from the first operation performed in 1924. Although 
the patient has been menstruating for nearly ten years at this time the fibro-adenoma shows no acini 
or typical breast lobules. The hypertrophic ducts are surrounded by embryonic fibrous tissue of the 


so-called intracanalicular myxoma type. 
Fic. 26.—(Path. No. 49301.) Recurrent tumor from the case shown in Fig. 25. Tumor was 


excised in 1931. The fibrous tissue has become adult and hyalinized. Acini or rudimentary lobules 
have been added to the hypertrophic duct tissue by the repeated corpora lutea at successive men- 


struations. 

Fic. 27-—(Path. No. 49301.) 
shown in Fig. 25. Involution has set in with oedema of the fibrous tissue 
the ducts. 

Fic. 28.—(Path, No. 49301.) Gross specimen from the second recurrence in 1934 from the case 
shown in Fig. 25. Small blue-dome cysts were visible in the gross specimens. 
appeared above the scar in the right breast. This was excised April 11, 1931. Micro- 
scopically, this resembled the tumor previously removed, but in addition there were 
found characteristic lobules and acini-like structures. In 1934, the patient had a re- 


currence, tumors forming in both breasts. An operation: was performed for the removal 
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of these April 2, 1934. Numerous small cysts, the size of a pea or smaller, with the 
characteristic blue color, were found in the fibro-adenomatous tissue. Histologically, 
this was a typical cystic fibro-adenoma. Five days before removal the patient had re- 
ceived twice daily injections of prolactin. 


A comparison of the histological findings in the tissue removed at the 
three operations (1924, 1931, 1934) indicates the cycle of development in 
fibro-adenomas. (Figs. 25 to 28.) The tissue removed at the first operation 
presented changes which were typical of puberty hypertrophy, the stroma be- 
ing of the embryonic type—the so-called intracanalicular myxomatous type. 
The stroma of the tumor removed at the second operation was of the adult 
fibrous type, the epithelium was markedly hypertrophic, and acinar forma- 
tion had occurred. Involution was apparently occurring in the tissue of the 
tumor removed at the third operation. The successive stages found in these 
tumors removed at these three different operations may, we believe, be justi- 
fiably related to the breast changes associated with puberty and menstruation. 

ConcLusions.—Gynecomastia, virginal hypertrophy and _ fibro-adenomas 
represent different phases of the same pathological process and may have the 
same etiological factor. 

This form of hypertrophy may be produced in males when oestrin is ad- 
ministered in high concentration, or a few units are administered at short 
intervals over a long period. Experimentally, injections of a small number 
of units of oestrin over a long period into monkeys are more efficacious in 
reproducing the lesions than are large numbers of units administered over a 
shorter period. 

The lesions are relatively common in the pre-puberty period in girls when 
the breast normally is stimulated continuously by small amounts of oestrin 
for a period of from three to five years before the menarche is established. 

Fibro-adenomas may develop or undergo an exacerbation during the latter 
two-thirds of pregnancy when menstruation is an abeyance and there is an 
increasing amount of oestrin. 

A bio-assay of a fibro-adenoma removed from a_ twelve-year-old girl 
yielded a large number of units of oestrin. This finding would seem to indi- 
cate that such tissue can hold or concentrate oestrin. 
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Discussion.—Dr. Orro C. PickHarpt (New York, N. Y.).—In 1930 and 1931 
I presented before the New York Surgical Society two papers on chronic cystic mastitis. 
Unfortunately, I neglected to have them published. The object of these studies was to 
determine whether or not this lesion of the breast was or was not precancerous—whether 
Bloodgood’s or Cheatle’s theory was the correct one. 

In my findings, certain similarities and certain differences with the results in Doctor 
Lewis’ splendid paper which we have just heard, are apparent. 

A study was made of 117 cases, which came to operation, and ninety of these ex- 
amined later at follow-up. Of these 28 per cent. were between thirty and thirty-nine 
years of age, 48 per cent. between forty and forty-nine years, 17 per cent. between fifty 
and fifty-nine years. Therefore, 76 per cent. grouped themselves in the third and fourth 
decades of life, while 93 per cent. were found in the third, fourth and fifth decades. 

I have a very definite impression that the type of woman, whatever her age, suffer- 
ing from this disease, is of the decidedly active kind. She is of the “hyper” rather than 
of the “hypo” type and of the alert rather than the phlegmatic. 

I believe that something more than the pathological state of the ovarian hormones 
is necessary to produce chronic cystic mastitis. Because when in my laboratory experi- 
ments on mice and guinea-pigs, using corpora lutea substance hypodermically, (theelin 
and progestin had not been worked out so thoroughly) at that time when the corpora 
lutea was injected over long periods of time, real chronic cystic mastitis did not result, 
as the breasts showed only stimulation without cystic distention and with but slight epi- 
thelial overgrowth. 

But when on these stimulated animals portions of the breasts were ligated with cat- 
gut or silk, and an injection of a watery suspension of Kieselguhr was given into the 
breast, then after a period of time, we found that chronic cystic mastitis had been arti- 


ficially produced. 
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This experimentally produced lesion manifested itself best after injections had 
been given for about sixty days and the ligation done about forty days before the 
animal was examined. 

Therefore, I feel that there are three elements necessary in the development of 
this disease or condition: (1) Mechanical stasis. Under mechanical stasis, I would add 
distention of acini with formation of cysts due to obstruction by plugging, twisting or 
bending of the ducts. 

(2) Inflammation. Round-cell infiltration. Due to products of decomposition of 
material within the ducts and acini, from foam cells and colostrum-like secretion. This 
decomposition must go far enough to produce irritants, vis.: the fatty acids (lactic, 
butyric and cholesterol crystals). 

(3) Stimulation from some proliferative elements. Due to some epithelial growth 
stimulation—a specific hormone of the corpus luteum or graffian follicle, or both. 

And now to add a word as to the future course of the disease: In general, the 
theoretical conclusions would lead one to infer that chronic cystic mastitis is a pre- 
cancerous lesion. 

The histological viewpoint, based as it is on the architectural arrangement of the 
tissue, must give way to the experience gathered by clinical observation, since clinical 
experience is the history not of what may, but of what does take place. As shown in 
the present analysis, clinical observation clearly confirms the standpoint of Bloodgood 
that the condition is not malignant, and that it does not appear to be the precursor of 
malignancy at a later date. The few cases associated with malignancy which we have 
observed much more nearly correspond to the normal cancer rate in a random sample 
of the same number of females of the general population. We would conclude from our 
analysis that the condition of chronic cystic mastitis belongs to the same group of 
proliferative tissue changes as the carcinoid of the appendix. While these bear certain 
histological resemblances to proliferative processes associated with the development of 
malignant neoplasms, they actually but seldom pass over the line and become malignant. 

Finally, the clinical results as shown by the follow-up in this series, even where only 
a local excision has been done, are so excellent and so remarkably free from cancer that 
the speaker has been convinced against his original inclinations and must now feel that 
chronic cystic mastitis is a benign condition. If it is precancerous it shows that re- 
moval in that stage is sufficient to eradicate the cells which tend toward malignancy. 


Dr. WitttaAm E. Lower (Cleveland, Ohio).—That endocrine imbalance influences 
very greatly the generative and secondary sex organs of both sexes has been, I be- 
lieve, definitely proved. In Doctor Lewis’ presentation he shows quite convincingly the 
relation of ovarian hormone to chronic cystic mastitis. His report is of great interest 
to us, for it is somewhat analogous to a series of experiments we have been doing in an 
effort to demonstrate and elucidate the relationship between the anterior lobe of the hypo- 
physis, the testes and the prostate. 

We feel now that we have practically arrived at a probable explanation for prostatic 
hypertrophy. If a normal rat be castrated, there follows a very marked atrophy of 
the prostate gland, and an increase in the size of the anterior lobe of the hypophysis. 
The same changes occur in the prostate following castration of a normal adult man. 
If two rats are united so that their peritoneal cavities are in communion, so called 
parabiosis, and one is castrated, there is an enormous increase, as much as 300 to 
400 per cent., in the size of the testes of the uncastrated rat. This is caused, we believe, 
by the influence of the combined secretion of the anterior lobe of the hypophysis of the 
castrated animal, which flows through the peritoneal cavity, with that of the normal 
partner, thus exercising an increased effect on the testes of the normal rat. 

In other words, it is possible to produce a physiological hypertrophy in one of two 
united rats by castrating one. This hypertrophy is caused only by the action of the 
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glands of internal secretion and not by any other condition. If this can occur in animals, 
it seems likely that a similar situation may arise in man, probably through degeneration 
and atrophy of the tubular portion of the testes, which produces castration effects on 
the hypophysis, which in turn secretes an excess of the hormone which influences the 
interstitial portion of the testes and results in prostatic hypertrophy. Whether or not 
this theory represents the actual mechanism can be decided only by additional time and 
experimentation, but so far it has served a valuable purpose in directing the course 
1 of our experiments and in providing at least a provisional explanation for the facts 
| which have been observed. 


f Dr. Dean Lewis (Baltimore, Md.).—I made a definite statement that in chronic 
cystic mastitis, the ducts were dilated. In our experience it occurred during the active 
sex life of a woman and occurred more frequently in unmarried women who had not 
i borne children than in others. 


« 


THE TECHNIC OF TOTAL UNILATERAL PNEUMONECTOMY 
By Epwarp ArcuisaLp, M.D. 


or MontTREAL, CANADA 


Tota. removal of one lung in the human is a much earlier operation than 
one would think. Haight, in a recent article, has given a satisfactory and 
useful review of all the cases recorded in the literature up to January, 1934. 
The first reported instance of complete removal of one lung in man goes to 
the credit of Kuemmell. This was in November, 1910. He employed a one- 
stage procedure. The pedicle was simply clamped, the entire lung amputated, 
and the clamp left in place, without ligatures. The patient died on the sixth 
day, from oedema and bronchitis of the other lung. The operation was done 
for diffuse carcinoma of the lung, and was unjustifiable as the condition was 
obviously hopeless from the start, inasmuch as the pleural cavity and dia- 
phragm were infiltrated with carcinomatous nodules, and the axillary glands 
were involved. 

In 1915, Willy Meyer lost a patient on the table, from hemorrhage due 
to a tear of the pulmonary artery, while he was endeavoring to pass a ligature 
around the artery. This was, therefore, only an attempted pneumonectomy, 
not a completed one. 

In 1919, Lilienthal resected the right lung, which was the seat of an exten- 
sive bronchiectasis, in one stage, by the chain ligature method. This patient 
also had a sudden hemorrhage from a large vein during division of the pedi- 
cle, which was secured by clamps, and death occurred six hours later from 
cedema of the remaining lung. 

In 1920, Lilienthal resected the whole left lung in two stages, for post- 
tonsillectomy suppurative pneumonitis. Death occurred from secondary hem- 
orrhage from the pedicle after the ligatures had sloughed off. In 1920, Willy 
Meyer amputated the right lung for bronchiectasis, in one stage, and the pa- 
tient died of cedema of the other lung. 

On November 8, 1922, Hinz removed the whole of the left lung for a carci- 
noma of the lower lobe, involving the hilus. The patient died about sixty 
hours post operationem from emphysema of the mediastinum and the remain- 
ing lung. 

In 1923, Sauerbruch reported a total removal of the left lung, which, how- 
ever, was not a planned operation. In the course of removing a large pos- 
terior mediastinal tumor, he must have in some unexplained way interfered 
with the vascular supply to that lung without knowing that he had done so. 
After four weeks large sloughs of necrosed lung came away and later inspec- 
tion of the pleural cavity revealed the absence of the entire left lung. 

Apparently during the eight years following, that is, from 1923 to 1931, 
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no further cases of this operation were recorded. In the latter year, Nissen, 
of Sauerbruch’s Clinic, performed the first successful operation. The case 
was one of diffuse suppurative bronchiectasis of the left lung, which had re- 
sulted from a tear in the left main bronchus, following a crushing injury to 
the thorax. A stenosis of the left main bronchus ensued as a result of heal- 
ing, but suppuration developed behind the block. The whole left lung was 
removed in two stages, the second stage being rendered necessary by a tem- 
porary cardiac block, presumably due to traction on the hilum. The pedicle 
was ligated with silk, and the lung was allowed to slough off, which it did in 
fourteen days. 

Haight, as I think rightly, gives the credit to Nissen for the first success- 
ful total pneumonectomy. In this respect he sets aside the two earlier cases 
of Sir William Macewen (1895) and of Sauerbruch (1923). Macewen’s 
celebrated case was one of practically total tuberculous excavation of the left 
lung, and Macewen did little more than drain this enormous cavity, and in 
successive stages remove shreds of surrounding lung tissue, at the same time 
excising portions of the fourth to the seventh ribs, also, later, portions of the 
third, eighth, and ninth ribs. All this was done in 1895, but not reported 
until 1906. It was not, properly speaking, a planned pneumonectomy; Na- 
ture indeed had already carried out the greater part of the work. 

The next case after Nissen’s of planned removal of one entire lung was 
the one which the writer reported briefly at the meeting of the Association of 
Thoracic Surgeons, at Ann Arbor, in April, 1932. This patient died of a 
septicemia four days after operation. The first stage of the operation was 
done December 2, 1931, the second stage February 10, 1932; and the case 
was one of carcinoma of the left stem bronchus. 

November 8, 1932, Doctor Haight, of Ann Arbor, did the first stage of 
a total left pneumonectomy for diffuse bronchiectasis, and did the second 
stage November 14. The patient made a perfect recovery. 

On the same date, November 8, 1932, Doctor Windsberg (personal report 
to Doctor Haight) carried out a successful multiple-stage removal of the right 
lung for bronchiectasis. This, as Haight remarks, is apparently the second 
instance of successful pneumonectomy in man, and the first in this country. 
It would appear that Doctor Haight (although not so claimed by him) has 
an equal claim in the matter of priority. 

April 5, 1933, Evarts Graham operated on a patient with carcinoma of 
the bronchus, removing the entire left lung in one stage, and this represents 
the first case of successful removal of the entire lung for carcinoma of the 
bronchus. 

I need hardly go on to give a detailed report of other cases, most of which 
are mentioned by Haight, but it is noteworthy that, following the earlier dis- 
couragements of the years up to 1923, which apparently led to eight years 
of inertia, there has occurred since Nissen’s successful case, in 1931, a regu- 
lar spate of total pneumonectomies. My own case in the late fall of 1931, 
though ending in death from an infective complication, demonstrated the 
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possibility of removing the whole lung from in front, without serious upset 
of the respiratory and cardiac functions. These were the only two cases 
reported belonging to 1931: 

In 1932, three further cases were operated on, while in 1933 ten more 
cases are listed by Haight ; and in addition I know by correspondence of eight 
more that have been done in 1934. 

During the years from 1910 to 1923 seven cases were reported, with six 
post-operative deaths and one cure, while in the years from 1931 to 1934 
twenty-three cases have been operated on with sixteen operative cures and 
seven deaths. Such a record constitutes another milestone of progress in 
surgery, and another evidence of the beneficent results of specialization, for 
by far the greater number of these patients have been operated on by sur- 
geons who have made thoracic surgery their hobby or their exclusive spe- 
cialty. There can be no doubt that the foundation of the Association for 
Thoracic Surgery by the late Dr. Willy Meyer has contributed largely to such 
a record of encouraging progress as is represented by the statement which | 
have just given you. We are now able to say that the operation in its main 
lines is firmly settled on a scientific foundation, although variations in technic 
still remain to be discussed. 

It is this question of technic which I wish to bring before you today, and 
the chief object of this paper is to propose a new line of approach, that from 
the front through the anterior mediastinum. We have to consider the fol- 
lowing main points: anzsthesia; the line of approach to the lung; the libera- 
tion of pleural adhesions; the method by which the pulmonary arteries and 
veins are to be secured; the closure of the bronchial stump or stumps; the 
question of immediate or delayed amputation of the lung; the avoidance of 
disturbances of the cardiac and respiratory functions; the question of drain- 
age ; and the obliteration of the empty side of the thorax. 

Before proceeding to take up these questions in detail, a few general 
remarks upon the pathological conditions which may be held to justify the 
entire removal of one lung, and upon the bearing which such pathological 
condition may have upon the choice of operation, may not be out of place. 

All the reported cases, save two, have concerned one of two conditions— 
generalized suppurative bronchiectasis with or without abscess, and malignant 
disease. The two exceptions are, first, Macewen’s case of 1895; and second, 
a recent patient of my own, who was suffering from very advanced pul- 
monary tuberculosis, upon whom a four-stage thoracoplasty had been per- 
formed, leaving a residual cavity in the apex, with positive sputum and ex- 
tensive generalized bronchiectasis in the collapsed lung. I shall refer to this 
case later. 

On the pathological side, the essential difference between the conditions 
of widespread infection and malignant tumor lies in the fact that in the for- 
mer pleural adhesions may be so dense as to be almost impossible of separa- 
tion without danger of rupturing the lung, while inflammatory cedema and 
adhesions around the hilus may make difficult and dangerous any attempt to 
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secure the hilar structures outside the lung. On the other hand, in the latter, 
that is malignant disease, so long as this is uncomplicated by lung infection, 
neither of these difficulties has to be met. It is obvious, therefore, that, other 
things being equal, it will usually be easier to secure the vessels of the lung 
outside the lung, between it and the heart, in cases of carcinoma than in cases 
of bronchiectasis and lung abscess. 

The anatomy of the heart-lung system has also a bearing upon the type 
of operation, in the sense that any dissection of the vessels and bronchi out- 
side the lung, between it and the heart, is very much more difficult on the 
right side than on the left. On the left the stem bronchus measures about 
two inches before giving off the upper lobe branch. On the right it may be 
extremely short. The eparterial, or upper lobe bronchus, comes off frequently 
less than one inch from the bifurcation; and the middle lobe and lower lobe 
bronchi within an inch below that. Consequently any extrapulmonary liga- 
tion on the right side can hardly be done in the stem bronchus, but only after 
its division into two or perhaps three separate branches, and these are already 
covered by lung tissue. Likewise with the vascular supply. On the left side 
the pulmonary artery can easily be ligated outside the lung before it divides, 
so that one has only one vessel to take care of. On the right side the artery 
divides very quickly into two or three branches, each of which has to be sep- 
arately isolated and ligated. The same is true of the veins. Moreover, on 
the right side there are three lobes as against two on the left; and conse- 
quently three sets of vessels demanding separate ligation. And, finally, the 
inner edge of the right lung comes in farther towards the mid-line than does 
the left lung, and, therefore, covers the pedicle much more completely than on 
the left side. If, in addition, this edge of the lung is adherent through old 
infiltration to the right side of the heart, the difficulty of dissection and the 
danger of wounding the lung or vessels in any attempt to uncover the hilus 
is by so much increased. Consequently, as a general principle, total pneumo- 
nectomy on the right side will, in the majority of cases, be more safely and 
easily carried out by using mass ligatures including a.small area of the lung 
tissue proper, together with the hilar structures, than by endeavoring to se- 
cure the pedicle between lung and heart ; whereas on the left side it will often 
be found that the one is as easy as the other and in many instances the extra- 
pleural ligation may even be easier than mass ligatures through the base of the 
lung. 

Anesthesia.—The anesthetic is certainly a matter of the greatest impor- 
tance. To prevent shock, Shenstone in the operation of lobectomy uses as a 
routine a high spinal anesthesia, with novocaine, and has had no ill results 
from the side of the medullary vital centres, in particular from excessive fall 
of blood-pressure. He goes so far as to declare that he no longer concerns 
himself with the blood-pressure record. He admits that it may fall to a degree 
alarming to the inexperienced, but that the patient always recovers a normal 
blood-pressure in due time. However, he takes care to give a continuous 
intravenous infusion of Ringer’s solution throughout the operation, and, if 
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necessary, adds a blood transfusion. This must contribute to prevention of 
shock. The anzsthesia must be pushed quite high. I have attempted only 
one operation of lobectomy under spinal anesthesia, and while | found the 
skin insensitive as high as the third dorsal vertebra, the arteries in the under- 
lying muscles were still sensitive. The pleura was opened without pain, but 
immediately one began, at about the level of the sixth rib in the scapular line, 
to separate pleural adhesions, the patient complained of intolerable pain, so 
that a general anesthesia had to be added. It was clear that the fibres of 
deep sensation enter the cord higher up than the third dorsal root, and it is 
to be presumed that Shenstone, and others, who report themselves satisfied 
with this form of anesthesia, must push the drug up to the lower cervical 
region at least. I cannot but feel that this involves some danger. 

Another indication for the use of spinal anesthesia is to preserve the cough 
reflex, so that pus from the diseased lobe, expressed during manipulation, or 
running out of the lobe by gravity, may be coughed up by the patient and not 
run over into the opposite lung, and there set up an acute septic process. That 
this preservation of the cough reflex does not always prevent the complica- 
tion just mentioned, which is frequently a fatal one, is shown by the fact that 
several of Shenstone’s patients died of it. And, in fact, considering the large 
amount of fluid pus, which is present in any of the advanced types of bron- 
chiectasis, and considering also the fact that the act of coughing may splash 
a portion of such thin pus into the other lung (as we have seen in lipiodol 
observations) it is obvious that the preservation of the cough reflex does not 
of itself sufficiently safeguard us from this danger. 

Doubtless the great majority of lobectomies, both in this country and in 
Europe, have been done under a general anesthetic, either nitrous-oxide gas 
with oxygen, or ethylene, or ether. One must admit that a general anzsthetic 
of this sort does not prevent shock, nor does it prevent the accident of contra- 
lateral infection through flooding. An acute infective pneumonitis, in my own 
series of cautery pneumonectomy, and of a portion of the one-stage lobec- 
tomies, has been the most frequent cause of death, and the most dreaded com- 
plication. I came to the conclusion some three years ago that, in one way or 
another, the pus contained in the affected lobe had to be prevented from run- 
ning out of it during the operation, and at that time Doctor Griffith and Doc- 
tor Howell devised for me an instrument consisting of a very long coudé 
catheter, bearing at its end an inflatable balloon of a size to fit the stem bron- 
chus. This has been of great help in the ordinary one-stage lobectomy, and 
is equally applicable to the cases of total unilateral pneumonectomy, when the 
condition of a considerable amount of pus retained in the lung is present. 
This is, of course, the case in bronchiectasis of both lobes, and is also fre- 
quently the case in carcinoma, especially when situated near the hilum and 
causing bronchial stenosis. I have, therefore, in dealing with such conditions 
adopted in principle the following procedure. The patient is first deeply 
anesthetized with chloroform, in order to allow the introduction of this rub- 
ber balloon into the stem bronchus of the lung or lobe which is to be removed. 
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Quiet induction and deep anesthesia is necessary in order to prevent coughing, 
and the expulsion of pus at the start, before the balloon is properly placed 
and blown up. As soon as this is accomplished anzesthesia is continued with 
nitrous-oxide gas, run in through an intratracheal catheter, which is pushed 
part way down the trachea beside the coudé catheter. This has in six cases 
prevented any exit of pus, and satisfactory oxygenation of the blood has been 
maintained through the sound lung. In the case of carcinoma without lung 
suppuration, this manceuvre is not necessary, and I am then satisfied with gas- 
oxygen anesthesia through a mask, or through the intratracheal catheter, with 
provision made for positive pressure, if necessary. 

Morriston Davies recommends in addition the intrathoracic injection of the 
vagus nerve with novocaine, just above the hilum, as soon as that nerve can 
be exposed, claiming that it prevents shock almost completely. This may 
well be a valuable aid, but when extensive pleural adhesions are present, the 
separation of these adhesions will usually have caused a very definite degree 
of shock before the vagus can be exposed. 

Line of Approach.—The approach in Kuemmel’s first case seems to have 
been through a long oblique lateral incision. Since then, in al! recorded cases 
except five, the incision has been postero-lateral, running from close to the 
vertebral border around to the axillary line or beyond, and at a level of the 
fifth, sixth or seventh ribs. 

In the fall of 1931 I attempted a total pneumonectomy in a case of carci- 
noma of the left stem bronchus, with dense adhesions from secondary pneu- 
monitis, through this approach, but found after separating these adhesions 
that the access to the hilum was insufficient, and the lower lobe alone was re- 
moved. This experience led to the idea that an anterior approach through the 
mediastinum, on the left side, would render the operation easier, and would 
give better control for the ligation of the important hilar vessels. Therefore, 
in February, 1932, I removed through the anterior incision (for the first time, 
I believe), the upper lobe, together with the stump of the lower lobe and the 
stem bronchus, without serious difficulty. Since then I have used the same 
approach for another total pneumonectomy on the left side, in a case of sar- 
coma of the upper lobe, situated close to the hilum, with success. Doctor 
Rienhoff, of Baltimore, has also independently used the same method in two 
cases with success (July and November, 1933), and is strong in its favor. 
He had been employing this line of approach for several years in experimental 
work upon the cesophagus (verbal communication). It seems to me that for 
all cases of carcinoma involving the stem bronchus, or close to it, in which 
obviously the bronchus has to be cut across below the bifurcation, and in 
which early and accurate control of the pulmonary artery and veins is nat- 
urally desired, this access through the anterior mediastinum will, at any rate 
on the left side, be found the most convenient. It permits early dissection of 
the vessels, clean and accurate ligation and division, and subsequently an easy 
approach to the long stem bronchus. It seems to me a more surgical opera- 
tion than to attack the hilum from behind, from which position, though access 
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to the bronchus may be easy, the subsequent visualization and accurate ligation 
of the vessels may be difficult. Another advantage lies in the recumbent pos- 
ture of the patient on the table, which allows freer respiration. 

One can imagine a regular bogging of the extrapulmonary hilar tissues in 
a chronic inflammatory exudate, though I have not yet seen such a condition; 
and in such circumstances this approach would not be so suitable. Here there 
would seem to be better reason to gain access from behind and use mass liga- 
tures around the stem of each lobe separately, or through the hilum as a whole. 

jut this condition, if it occurs at all, can not be foreseen; and the anterior 
approach is not thereby invalidated. 

On the right side, judging from one experience in a case of chronic ad- 
vanced tuberculosis, I feel sure that the anterior approach and dissection 
through the mediastinum is too difficult for the reasons above mentioned, and 
that here a postero-lateral approach and mass ligatures are better.  Hilar 
infiltration by carcinoma naturally forbids any operation. 

Fleural Adhesions.—The tightness and extent of pleural adhesions make 
a great difference. If there are no adhesions, the operation becomes really 
simple, and Rienhoff completed one such operation in a child in thirty min- 
utes. In contrast with this, where, following lung infection, either primary, or 
secondary to neoplasm, adhesions are dense and universal, the mere act of 
separation and division may provoke such shock that a two-stage operation 
is imposed. Traction on the lung hilus also may cause cardiac stoppage ( Nis- 
sen), and interrupt the operation. 

Securing of the Pedicle—Here two methods have been used; mass liga- 
tion through lung tissue, close to the hilus; and separate ligation of vessels 
and bronchus, outside the lung. The earlier operations were all done by mass 
ligation. I believe that whenever reasonably normal conditions are present in 
the mediastinum, extrapulmonary ligation is better. This has to be deter- 
mined at the moment of operation. In all cancer cases that have remained 
clean, it should be the method of choice. But when dissection through the 
anterior mediastinum comes upon difficult inflammatory thickening, mass liga- 
tion should be safer, because of the danger of wounding the hilar vessels. 
Whether mass ligation through the anterior approach is as safe as when 
done from the postero-lateral aspect I do not know. It should depend on 
the extent and nature of the posterior adhesions. One must keep in mind the 
danger of wounding large veins outside the lung during the process of separa- 
tion of the spinal gutter adhesions. Tor this, clear vision is safest. 

The condition of carcinoma arising in the stem bronchus on the right side, 
or in the primary divisions of the stem bronchus, close to the hilus, presents 
theoretically a most difficult problem. I have not yet had occasion to operate 
for this lesion. It is obvious that mass ligation would be here impossible, 
as it would be applied through involved tissue or, at any rate, too close to the 
growth. On the other hand, separate ligation of the vessels and of the stem 
bronchus is exceedingly difficult, and may also be dangerous. Any carcino- 
matous infiltration outside the lung and in the hilus forbids any such dissec- 
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tion. Where the hilus is still free of the disease, the dissection and separate 
ligation of the vessels immediately outside the heart and of the short stem 
bronchus would be the only thing left to do; but the point is, as | have 
found in cadaver dissections, that dissection is extremely difficult, for the 
reasons above mentioned, and I believe that it is equally difficult whether 
attempted from behind or from in front. 

Closure of the Bronchial Stump—The various experimental methods de- 
vised do not help us much in the operation in man. Elaborate methods are 
out of place as being time-consuming, and the presence of infection has usually 
defeated them. On the other hand it is remarkable how little trouble, on 
the whole, the failure to secure closure of the bronchus or bronchi, has caused. 
The fistula nearly always closes spontaneously by granulations in due time, 
if only it lies deep (a principle which Brunn emphasized in describing his 
operation for lobectomy). Nevertheless there is a real, even if nowadays in- 
frequent danger from emphysema of the mediastinum, or of the opposite 
lung (Sauerbruch, Hinz). I think it unwise to use any method which crushes 
the stump, as this may create a way of escape for air into the mediastinum. 
Ordinary gut, or silk ligatures, fail to effect permanent closure. The method 
of inducing fibrosis and an occluding scar by use of caustics, recently advo- 
cated by Livingstone and Adams, and by Cutler, is one which seems definitely 
established and frequently successful. Silver nitrate has been used for many 
years to close the openings of small bronchi in the bed of an opened lung 
abscess, but the large bronchi, even the largest, can also be closed in this way, 
although infection may prevent it. In two recent cases I have escaped fistula 
by cauterizing the mucosa with phenol over a length of three-quarters of an 
inch or more, and ligating not too tightly both with chromic gut and a silver 
wire. The bronchus remained closed in spite of the presence of infection in 
the lung. It is clear that, as between the two competing methods of mass liga- 
tion and the extrapulmonary operation here proposed, it will be easier in the 
latter method, which is one of clean dissection, to cauterize the bronchial 
mucosa and apply ligatures, and therefore there will be a better prospect of 
securing primary permanent closure without fistula. Mass ligation is practi- 
cally always followed by fistula. 

Immediate or Delayed Amputation of the Lung.—lIn the first three suc- 
cessful cases (Sauerbruch, Nissen, Haight), the mass ligation method was 
used (in Sauerbruch’s case accidentally), and the lung was left im situ and 
allowed to slough away. In a few others the same method has been followed 
by death. Alexander has advised it as a matter of principle in two-stage 
lobectomies. I am inclined to consider it dangerous on account of toxic ab- 
sorption, particularly when the pleural surfaces have not been prepared by 
previous aseptic pleuritis, with granulations, to resist absorption. Practically 
ali of the successful cases in the last three years have had immediate amputa- 
tion. In serious conditions of extensive bronchiectasis, with abscess and dense 
adhesions, or in advanced chronic tuberculosis uncured by thoracoplasty, it 
may be wiser, after mass ligation, to leave the lobe and await sloughing. 
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Drainage.—It is remarkable that in five cases operated on within the last 
six months (Churchill, Overholt, Rienhoff), all drainage was omitted, and in 
four of these no fistula resulted; and in all five there was quite satisfactory 
recovery from the operation. Aspiration of fluid, naturally, may be necessary. 
In all these cases, however, the condition appears to have been carcinoma with- 
out any complicating infection. Indeed, in one case the tumor was benign. 
Under such ideal conditions the omission of drainage may be justified, although 
for myself I can see no objection to leaving a closed drain at the bottom to 
take care of the inevitable serosanguinolent effusion. But there is one dan- 
ger in closing the chest completely, and that is tension pneumothorax. Sauer- 
bruch lost three cases in this way, after lobectomy, and many others have been 
reported. It is always possible that the bronchial closure may open after a few 
days, and that the stump should become loosely covered by mediastinal tissues, 
or pleura, in which case the valve action may come in and induce a tension 
pneumothorax, or emphysema, which may be fatal. Tube drainage for the 
first week or two is, in this respect, a measure of safety, and I can see no 
objection to its use. 

Physiological Disturbances—In quite a few cases death has been due 
chiefly to failure of the heart, with coincident cedema of the remaining lung. 
This danger is clearly due to two main causes, of which the first consists in 
a too sudden and too great suppression of oxygenating surface, and the sec- 
ond in a lack of care in respect of the flapping mediastinum of open pneumo- 
thorax during or after operation. Both these dangers can be avoided by a 
preliminary stabilizing of the mediastinum and gradual compression of the 
diseased lung by artificial pneumothorax, slowly induced and maintained for 
about a fortnight. This will be possible chiefly in cases of tumor unaccom- 
panied by infections of the lung and pleural adhesions. In cases of diffuse 
bronchiectasis adhesions will frequently make it impossible. Kuemmel, in 
1910, was the first to employ this measure of preliminary pneumothorax and 
to recommend it, and Eloesser pointed out some seven or eight years ago 
that all thoracic operations were rendered safer by this measure. I used it in 
1931, in my first case. Ivanissevich and Ferrari used it in October, 1932. 
Rienhoff, in 1933, makes a strong point of it. Two weeks of pneumothorax 
seems to be quite sufficient, so that the later operation can be done even with- 
out a differential pressure apparatus. This method also is useful in accustom- 
ing the other lung to take up the extra work. 

Infection—As regards infection of the other lung, where there is any 
amount of purulent sputum coming from the affected lung, I consider it im- 
portant to use the inflatable balloon, which occludes the stem bronchus, and 
prevents flooding of the other lung. In this sense the anterior approach, the 
patient lying on his back instead of on the good side, ought to help in pre- 
venting this complication. 

Infection of the pleura constitutes a very definite danger when chronic 
infection of the lung is present. Such infection is almost inevitable, if the 
stem bronchus shares in the infection, but I believe that the separation of 
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pleural adhesions can of itself light the fire of empyema. After all, they are 
the result of preéxisting infection and possibly contain living bacteria. Cer- 
tainly in a series of peritoneal adhesions which I examined bacteriologically, 
positive cultures were obtained in two-thirds of the cases. To prevent or 
lessen the danger of such pleural infection is one of our most difficult tasks. 
Every effort must be made while cutting across the root of the lung to pro- 
tect the pleura by extensive gauze packing, or rubber tissue, properly placed ; 
and in all infected cases I consider a gauze pack surrounding the stump and 
brought out through the wound to be a necessary part of the operation. My 
first patient died of a streptococcus septicemia arising in such a_ pleural 
infection. 

In a few cases one gets the impression that the heart muscle is itself un- 
equal to the strain imposed by the anesthetic and the operation, and against 
such dangers we have to guard by means of a very careful pre-operative in- 
vestigation of the patient’s circulation and his general resistance, by the use 
of blood transfusions and of cardiac tonics, by the avoidance of dragging on 
the mediastinum during operation, and if possible by infiltration of the vagus 
with novocaine. 

Obliteration of the Cavity Left-——xperience has shown that the hemi- 
thorax is frequently obliterated spontaneously by an emphysematous expan- 
sion of the sound lung with displacement of the heart and by a rise of the 
diaphragm. A phrenicectomy, either preliminary or late, is usual. In the 
pre-operative period of closed pneumothorax, that can hardly be of value. 
In the child it may never be necessary. I incline to the opinion that its proper 
place is after operation, if found necessary. The same is true of thoraco- 
plasty. In one case (Overholt) it was necessary to do later a limited thoraco- 
plasty. Evarts Graham did a preliminary thoracoplasty and went on imme- 
diately to remove the lung, with success. I cannot feel that it is necessary 
to do such a preliminary thoracoplasty, and believe it must add to the dangers 
of a one-stage operation. The sequence in Overholt’s case seems to me the 
proper one. In my second case, however, it was shown by the second opera- 
tion that no obliteration of the left side of the thorax could be hoped for. 
There was a dense fibrous partition between the two halves of the chest, and 
thoracoplasty would have had to be an absolutely total one to close the space. 
But I contemplated such a condition with equanimity and expected a perma- 
nent sterile hydropneumothorax. As a matter of fact such was the condition 
found four months after operation (except for the presence of some blood 
in the small amount of fluid present, coming from the recurrent sarcoma) ; 
and such I believe will be in many cases a quite acceptable alternative 
condition. 

A brief report of my three cases of total unilateral pneumonectomy is ap- 
pended, leaving the complete record for a later communication. In this place 
I propose to do no more than describe the operation as carried out through 
the anterior approach, which I think is the most advantageous under certain 
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In the preceding remarks I have indicated the conditions which in gen- 
eral permit an attack from the front. I might summarize these conditions by 
saying that this operation would seem to be best employed in all left-sided 
pneumonectomies, certainly for tumor, but also for diffuse lung suppuration. 
I admit that the one condition which may give us pause is the presence of 
extensive and dense pleural adhesions between lung and posterior mediasti- 
num. Here the separation of adhesions in the process of freeing the lung 
pedicle should be done more or less under direct vision, because of the dan- 
ger of wounding the large mediastinal veins, including the main pulmonary 
vessels. This can be done through the anterior opening, if sufficient ribs are 
excised (third, fourth and even the fifth) to allow of pulling the lung forward 
and medially so as to afford direct vision. It cannot be done safely through 
any relatively small opening. It can possibly be done more easily through a 
long postero-lateral incision, but in this case the section and individual liga- 
tion of the pulmonary artery and veins is less easy than from in front, as 
they lie anterior to the stem bronchus. Consequently I should prefer, in prin- 
ciple, to go in first from in front, secure the vessels, and then, if necessary, 
enlarge the thoracic opening sufficiently towards the posterior axilla to allow 
access to the posterior surface. In my two left-sided pneumonectomies for 
tumor, both complicated by a serious lung infection, such adhesions were 
present, and yet it was possible to complete the operation safely in the way 
described. In the case of diffuse lung suppuration, where it is not necessary 
to cut through the stem bronchus outside the lung, the method of mass liga- 
tion, including a stump of lung, has much to be said for it, and has a num- 
ber of successes to its credit. (Nissen, Haight.) 

In cases of tumor uncomplicated by adhesions I feel that there is no 
doubt that the anterior approach is the easiest and safest. 

On the right side I should favor, on the whole, the postero-lateral incision, 
coming well round to the anterior axillary line, and mass ligatures, both for 
the condition of diffuse bronchiectasis and for that of carcinoma situated in 
the body of the lung but not in the stem bronchus or in its first divisions. 
This latter condition has already been discussed above, as regards operation. 

The procedure then, on the left side, by the anterior approach, is as 
follows : 

Anesthesia.—Nitrous-oxide gas with oxygen, plus local. If the lung is 
infected, and copious purulent sputum is being expectorated, the rubber bal- 
loon is used. Position on the Table-—The patient lies on his back, with the 
left side slightly raised by pillows. The incision runs from the mid-sternum, 
opposite the second intercostal space, downwards below the nipple and up into 
the mid-axillary line, going through muscles as far as the ribs. The musculo- 
cutaneous flap is retracted upwards, exposing the third, fourth and fifth ribs. 
The third rib is excised with its cartilage from the sternum to the anterior 
axillary line. Part of the sternum may be rongeured away. If necessary a 
portion of the fourth rib and cartilage is later excised, if access to the lower- 
most pulmonary vein proves difficult. The pleura is then opened freely in its 
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whole length into the pneumothorax, which should be, if possible, previously 
established. There follows careful palpation in order to ascertain the extent 
of eventual adhesions, and also the presence or absence of metastases in the 
mediastinum, in cases of carcinoma. So far the operation may be considered 
an exploratory one. If the condition is found operable, one may then pro- 
ceed immediately to carry out the radical operation. The pleura, opened as 
far as the edge of the sternum, is now pushed back laterally so as to expose 
the anterior mediastinum, and is held back by retractors. The left edge of 
the heart and the medial edge of the lung are defined and carefully pushed 
back and lightly held by retractors. The pulmonary artery is found usually 
in front, and at this point has not ordinarily divided into its branches. It is 
carefully dissected free, which can be done over a distance of nearly an inch, 
and is ligated doubly and cut between. Beneath the artery there will be found 
the upper pulmonary vein, and lower down the inferior one. These are treated 
in the same way. Under these one will have to dissect rather more deeply 
to expose the left stem bronchus, which can easily be felt. It runs obliquely 
upwards in the wound to the bifurcation, and one can isolate it easily over a 
length of a good inch, without invading the lung. In cases of bronchiectasis 
there may be some inflammatory infiltration of the adventitious tissue sur- 
rounding it, but this offers no serious obstacle. With a curved Macewen 
needle, carrying No. 2 chromic gut, passed behind the bronchus, it can be lifted 
towards the operator and can be securely held. It is doubly ligated and then 
severed. If possible, the proximal stump should be left open for half an inch 
beyond the ligature. The mucosa of this stump is then cauterized with pure 
phenol and finally a silver-wire ligature is tied snugly around this projecting 
stump, the ends twisted and cut short. No attempt is made to cover the stump 
with pleura or connective tissue. 

The pedicle of the lung being thus cut across, it remains to deal with 
eventual adhesions, and with the reflection of the lower posterior pleura con- 
stituting the pulmonary ligament, and also with the reflection of the pleura 
above the pedicle. This can best be done by sweeping the hand around the 
interior of the thorax, and lifting the lung forward into the opening, thus 
rendering the posterior surfaces accessible to direct vision and dissection. 
When pleural adhesions have to be cut around the periphery of the lung, the 
Cameron light, with curved end, will be found most useful. It can be in- 
serted under adhesions and the transillumination shows exactly the boundary 
between the lung and the adhesion, the lung surface showing pigmented, while 
the adhesion is a clear pink. This prevents blind cutting into the lung sub- 
stance. The operation then is completed from behind by cutting the pleural 
reflections and entering the space of loose tissue behind the cut bronchus. In 
this way the lung is not invaded at all, the whole operation proceeding be- 
tween the lung and the heart. 

Rienhoff has done a similar operation without resection of any ribs, with 
the help of rib retractors, but such I imagine could be possible only with a 
lung almost entirely collapsed by the pneumothorax. In both my cases exten- 
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sive adhesions and an uncollapsed lung had to be dealt with, and, as a matter of 
fact, in the first case three ribs, the third, fourth and fifth, had to be excised 
before the lung could be delivered. In the second case only the third rib and 
an accessory third rib, about three inches long, needed excision. 

After this, no attempt is made to resuture the opening in the pleura, and 
the musculocutaneous flap is replaced and accurately closed with two layers of 
interrupted catgut reuniting the muscles. A stab drain is previously placed 
just above the diaphragm, posteriorly; and closed drainage with slight suc- 
tion is maintained. 

There follows a brief report of the three cases in which total unilateral 


pneumonectomy was done. 


Case I.—S. F., aged thirty-four, male, admitted to the Surgical Department of the 
Royal Victoria Hospital October 5, 1931, with a diagnosis, proved by bronchoscopy and 
biopsy, of carcinoma situated in the left stem bronchus, about one and three-quarter inches 
below the bifurcation, together with left lower lobe pneumonitis and bronchiectasis. An 
artificial pneumothorax was first instituted in preparation for a total left pneumonectomy. 
October 23, an exploratory thoracotomy was done, no enlargement of the mediastinal 
glands was found, and a few adhesions were cut. The lower lobe was densely adherent. 
November 13, the left phrenic nerve was avulsed. December 2, the main operation was 
undertaken. It was intended to attempt the complete operation through a long postero- 
lateral incision at the level of the seventh interspace. The separation of the very ex- 
tensive adhesions of the lower lobe induced marked shock, and it was found also that 
access to the hilus at the high level necessitated by the position of the tumor in the stem 
bronchus was insufficient. Consequently only the lower lobe was excised. Bronchial 
fistula developed on the sixteenth day, and empyema followed, which, December 24, was 
drained. February 10, 1932, the removal of the upper lobe, together with the stump of the 
lower lobe, and the stem bronchus, was undertaken, although there still persisted a very 
small empyema pocket. This was done through an anterior incision according to the 
technic above described. Moderate shock was relieved by a blood transfusion. During 
operation there had occurred no physiological disturbance of moment, the remaining lung 
and the heart carrying on very well because of the firm mediastinum. On the day after 
operation there was no air hunger, color was good, and respiration, though a little hur- 
ried, was free. At the end of the fourth day the patient died of a streptococcus septi- 
cemia (proved by blood culture), but complicated by a terminal cedema of the right 
lung, the signs of which first appeared only about twelve hours before death. Both 
pleural exudate and heart blood showed a hemolytic streptococcus, the origin of which 
was undoubtedly the small residual empyema. 

Case II.—J. G., aged thirty-one, male, admitted June 5, 1933. Referred by Doctor 
Mayhew, Malone, N. Y. The condition was one of sarcoma of the left upper lobe, in- 
vading the tissues of the hilus, and confirmed by bronchoscopic biopsy. During the 
previous two weeks there had arisen the complication of an acute lower lobe pneumonitis, 
with foul sputum and fever. By June 16 his temperature was normal. June 19, an ex- 
ploratory thoracotomy was done, and no definite metastases could be felt in the medias- 
tinal glands, nor any nodules on the pleural surface. July 7, the whole left lung was 
removed by the technic described, through the anterior incision. Spinal anesthesia was 
used, but had to be supplemented with gas and oxygen. There was some shock which 
was relieved by blood transfusion. Closed drainage was established. The cardiorespira- 
tory mechanism withstood the operation quite well. Convalescence was uneventful except 
for the development of an empyema, which yielded to irrigations of gentian violet and 
salt solution. No bronchial fistula occurred. He was discharged September 22. 

November 7, 1933, he was readmitted. Doctor Mayhew, on taking an X-ray film, 
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had discovered a metastasis at the apex of the pleural cavity. He had been feeling well, 
had gained twelve pounds, had no cough, no sputum, no fever, and no shortness of breath, 
except upon going up an incline. November 13, the chest was reopened, and a very soft, 
dark red, pear-shaped tumor, with a pedicle in the posterior mediastinum, was removed, 
and a radium pack inserted. The left pleural cavity appeared much reduced in size, but 
would still contain probably about a litre of fluid. There was no trace of the stump of 
the lung. The whole medial aspect was a blank wall of smooth fibrous tissue. He was 
discharged November 24. 

Hie was readmitted January 27, 1934, with a very extensive recurrence filling the 
pleural cavity, and he finally died March 16 with progressive anemia and exhaustion. 

Case III.—This case was one of far-advanced chronic tuberculosis of the right 
lung, the patient being left, after a four-stage total thoracoplasty, with a residual apical 
cavity, generalized bronchiectasis, and positive sputum. Here I attempted a complete 
pneumonectomy through a long postero-lateral and anterior incision, with elevation of 
the scapula. In this place I may say only that the separation of adhesions necessary to 
isolate the lung pedicle was extremely difficult, and apparently dangerous, because of the 
fibrotic contraction which drew the lung itself and the right side of the heart, vena cava, 
and azygos vein, tightly together ; in fact soldering them to each other. Separation, how- 
ever, was successfully accomplished and the lung stump was tied off with mass ligatures 
of heavy silk. The patient died of shock two hours later. Post-mortem showed enor- 
mous thickening of the root bronchi, so great as to make one doubt whether any effort 
at bronchial closure could succeed. This subject is reserved for later discussion. 


BIBLIOGRAPHY 


A full bibliography is contained in Dr. Haight’s paper on “Total Removal of Left Lung 
for Bronchiectasis,” Surg. Gyn. & Obst., April, 1934. 


Discusston.—Dr. WILLIAM F. RieNHorrF, Jr. (Baltimore, Md.).—I was very much 
interested in the presentation by Doctor Archibald of his operative technic which corre- 
sponds somewhat to the procedure described by me in the December number of the Johns 
Hopkins Hospital Bulletin, vol. 53, No. 6, pp. 390-393, 1933. About five years ago, at 
the suggestion of Dr. Dean Lewis, work was begun on the operative procedure for the 
removal of the thoracic cesophagus in man. A number of patients were operated on and 
it was at once apparent that a gradually induced artificial pneumothorax was mechanically 
of great advantage in removing the lung from the field of operation and reducing it to the 
smallest volume. This had the added advantage of enabling the patients to adapt them- 
selves to breathing with the non-collapsed lung, and also adjust themselves to the altered 
conditions of intrathoracic pressure which would exist during and after the operation. 
The relative simplicity of removing a lung thus collapsed was at once realized and thus 
artificial pneumothorax was employed as a part of pre-operative preparation at the first 
opportunity. Two successful cases of total pneumonectomy are described and dem- 
onstrated. 

The approach to the hilus of the lung through an incision in the anterior thoracic 
wall was selected, because from the anatomical as well as the surgical standpoint, it is 
the most rational and simplest route. The hilus of the lung is thus completely exposed so 
that an anatomical dissection may be deliberately and carefully performed. Thus the 
pulmonary artery and veins may be independently and securely ligated. Those vessels 
lying essentially ventral to the main or primary bronchi are dispensed with in the begin- 
ning of the operation, thus insuring against the loss of any considerable amount of 
blood, and undoubtedly decreasing the probability of air emboli via the pulmonary veins. 
A secondary but still an important consideration is the ligation of the pulmonary veins 
before the lung is handled, preventing of course the escape of carcinomatous emboli into 
the peripheral arterial circulation through the left auricle. An excellent exposure to 
the mediastinum may be obtained at the level of the third interspace anteriorly which 
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permits of a dissection of not only the lymph-glands of the hilus but also those of the 
posterior mediastinum as well. (Two neuromata of the mediastinum on the right and 
left side have been removed recently using this approach with excellent exposure.) The 
antero-lateral incision in the third interspace, from the parasternal line to the anterior 
axillary line, permits without even so much as fracturing or cutting a rib, by simple 
spreading of the incision, ample exposure from the diaphragm to the apex of the thoracic 
cavity. In this manner not only is time saved but the somewhat shocking procedure of 
resecting ribs and dividing muscles is done away with. 

The closure of the bronchus was done in these cases in a simple way with as little 
damage to the tissues as possible. The left primary bronchus was cut completely across 
with a scalpel in the first case just distal to the bifurcation of the trachea. The spring- 
like action of the cartilaginous rings was done away with by cutting the ring at several 
points in its circumference. The mucosa was sutured with a continuous suture of No. 1 
plain catgut while the wall of the bronchus was sutured with interrupted silk sutures. 
The bronchial stump healed per primam. In the second case, the tumor being located 
just distal to the first ventral branch of the left primary bronchus, the incision was car- 
ried through the inferior portion of the first ventral branch and then across the descend- 
ing primary bronchus: the idea being that the small first ventral branch might be closed 
independently of the large descending one. Proceeding thus on the hypothesis that a 
small bronchus would more readily heal than a larger one. As a matter of fact the 
size of the large descending branch is very little reduced on the left side by the departure 
of the first ventral branch, remaining about the size of one’s index finger and being equal 
in size to the bronchus in the first case. The result shown by the lipiodol injection is 
almost self-explanatory. The large bronchus healed per primam while in the smaller 
one remained an opening the size of a thread. The same technic of closure was used 
on both the first and second case. The second case was infected due to a bronchiectasis 
distal to the tumor and as a result of fulguration of the tumor through the bronchoscope. 
Slide demonstrates the walling-off pocket-forming process about the end of the bronchus 
which has been described. These results at least suggest that the bronchus may be se- 
curely closed in the human being and further if a small opening should occur after some 
days or weeks, that a walling-off process may take place which makes this opening into 
the bronchus inconsequential. A small bronchus should probably not be left attached 
to the primary bronchus for the reason that the circulation in the bronchial artery to 
such a small bit of tissue is more than likely disturbed in the closing of the main bron- 
chus. Cauterization of the bronchial stump in any form is apt to cause a slough and 
prevent primary healing, or become a nidus of infection and should therefore be aban- 
doned. Mass ligatures or tourniquets about the hilus are also harmful in that the bron- 
chial artery is blocked far proximal to the point at which the bronchus is cut across 
and thus the bronchus for some distance is deprived of its circulation. Healing is thus 
retarded to say the least, if not entirely prevented. In cases in which the primary 
bronchus is invaded toward the trachea as in the first case, it would be impossible to cut 
across the bronchus proximal to the growth if the hilus were tied off in a mass ligature. 

Thoracoplasty is certainly unnecessary in pneumonectomy. The first case, a child, 
has fortunately had the juvenile resilience to compensate completely for the loss of an 
entire lung. This case may be considered from every point of view the ideal result which 
for an older person would be unobtainable, or only approximately so as in the second 
case. Nevertheless, the maintenance of the normal shape and rigidity of the thoracic 
cage is a most important factor in the compensatory restitution. It serves somewhat as 
a sheet anchor to which the heart and mediastinum are attached by fibrous bands. Prob- 
ably profoundly influencing the intrathoracic pressure relations by maintaining the patency 
of the chest cage. What could be more upsetting to the cardiorespiratory mechanism 
than a flail wall to one side of the thoracic cage that moved in a large excursion with 
each respiration? Surely the ultimate effect of such a fluttering chest-wall must be 


eventually deleterious. A sterile small pneumothorax is harmless, yet even that condi- 


810 


: 
| 
i 


TECHNIC OF TOTAL UNILATERAL PNEUMONECTOMY 


tion will be rare for the cavity remaining in the thorax after the maximum compensa- 
tory dilatation of the remaining lung will gradually obliterate itself by the formation of 
multiple fibrous bands creating a veritable fenestrated labyrinth of many small spaces. 
In six consecutive cases of one-stage obectomies for bronchiectasis, without a fatality, in 
the presence of infection the same process of obliteration has been observed to occur. 
In none of these has a thoracoplasty been found to be necessary. Likewise in such cases 
should interference with the function of the phrenic nerve be given up for the piston action 
of the diaphragm and its effect on intrathoracic pressure is a valuable adjuvant in the 
compensatory restitutional mechanism. 

As far as could be ascertained from clinical examination, X-ray and thoracentesis 
the compensatory restitutional mechanism consisted of the following steps. The remain- 
ing thoracic cavity, after removal of the lung, gradually fills after a period of forty-eight 
to ninety-six hours with an effusion of bloody serum possibly mixed with some old 
blood, clotted and unclotted, from the operation. This semi-fluid or fluid medium in addi- 
tion to the entrapped air approximately fills the chest cavity. The latter rises to the 
apex of the cavity. Displacement of the mediastinum is by this means prevented in the 
first few hours or even days following operation. If the fluid in the cavity is sterile or 
even mildly infected, i. ¢., ability to obtain a growth but not pus formation, organization 
begins immediately and fibrous tissue strands develop from the costophrenic sinus and 
pericardium from below up much like the “sealing off” process occurring after prolonged 
pneumothorax in cases of pulmonary tuberculosis. These strands of fibrous tissue can be 
seen running from the pericardium and mediastinum to the lateral thoracic wall. The 
bands divide the thoracic cavity into many small spaces which are lace-like in appearance 
and form a veritable labyrinthian network. Different fluid levels can be seen in these 
spaces. Undoubtedly as these fibrous bands contract they have a tendency to immobilize 
the diaphragm in a high fixed position, but also to limit any respiratory movements of 
the chest-wall and to pull the entire mediastinum and heart to the affected side. This 
readily explains the retraction of the interspaces and the ribs themselves thus narrowing 
not only the lateral but also the antero-posterior diameter of the chest. Following the 
mediastinum evacuating its central position the volume of the right thoracic cage is by 
this much increased and a compensatory dilatation of the remaining lung occurs simul- 
taneously. If the mechanism ceases at this point the vital capacity is increased but mod- 
erately as in the second case but if a negative pressure is developed in the affected 
thoracic cavity the remaining lung will undergo further compensatory dilatation and fill 
the remaining empty space in the operated side, as in Case I. With this filling the re- 
spiratory movements seem to return. Whether or not the remaining lung advances to 
fill the empty space left by the operation seems to depend entirely on the pressure condi- 
tions in the remaining space; if negative the remaining lung will expand and fill the re- 
maining space; if positive the remaining lung will not hyperexpand or advance. 

In treating malignant disease of the bronchi and lungs it is to be recalled that the 
spread of the growth may be: (a) Along the bronchi by continued growth or by bronchial 
embolism; () into the pulmonary veins and then carried into the left heart and periph- 
eral arterial system without passing through the lung capillary system; (c) by direct 
extension of the growth from one lobe to another due to an incomplete anatomical fissure ; 
(d) antero- and retrograde invasion of the lymphatics along the bronchi, involving the 
intra- and interlobar glands as well as those of the hilus; if the fissure is incomplete, 
involving the lymphatics of the adjoining lobe. 

For these reasons it would seem likely that total pneumonectomy would be followed 
by a higher percentage of ultimate cures than partial pneumonectomy, while at the same 
time in many instances technically less difficult. 
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FROM THE LABORATORY OF SURGICAL RESEARCH, HARVARD MEDICAL SCHOOL; THE SURGICAL DEPARTMENT OF THE 
PETER BENT BRIGHAM HOSPITAL; AND THE PHYSIOLOGICAL LABORATORY, HARVARD SCHOOL OF PUBLIC HEALTH 


ELEPHANTIASIS is a general term covering proliferative swelling of some 
part, due to a local cause and not to a general circulatory disorder. Commonly, 
one limb or pair of limbs is affected, the legs as a rule, but the scrotum, 
vulve and breasts are occasionally involved. 

There are at least four principal varieties. Each, clinically, is much like 
the others, though its cause may be different. The four include: (1) the 
tropical sort, the basic cause of which is probably filarial infection; (2) the 
non-tropical sort, usually called elephantiasis nostra, the basic cause of which 
is unknown but which includes a sporadic form and a familial variety known 
as Milroy’s'!® '® or Meige’s disease; (3) a surgical sort, resulting from 
destruction of the principal lymph vessels and nodes draining a limb, whether 
by purely operative means or by a combination of operation, cancerous 
metastasis and infection in various combinations. In addition (4) there are 
enlargements and indurations, occasionally based upon a previous severe lym- 
phangitis and lymphadenitis or a deep-seated thrombophlebitis, sometimes 
marked by partial involvement of the limb or other part and frequently by 
the presence of ulcers or other local sources of recurrent infection—a group 
far less clean-cut than the preceding. 


THE DEVELOPMENT OF ELEPHANTIASIS IN MAN 


Manson’s!! discovery of filarial disease in tropical elephantiasis appeared 
to explain the prevalence of the disease in the tropics and to leave the origin 
of all other forms a decided mystery. The filarial organism is known to 
settle at many points in the superficial tissues but tends particularly to become 
fixed in large numbers in the lymph-nodes and nearby in their tributary 
vessels. Here it excites an inflammatory reaction. A heavy infestation at 
the root of a limb might, therefore, by shutting off the flow of lymph through 
the bottle-neck at that point, cause the limb to swell. This, indeed, has 
seemed to be the case. In filarial elephantiasis, the limb gradually enlarges 
and, at some stage of the swelling, there set in, in many instances, the 
remarkable, recurring, self-limited attacks of so-called “lymphangitis” or 
“erysipelas’” which complete the picture of the disease. 

The Recurring Attacks of “Lymphangitis.’—Today, opinion is. still 
divided as to the relation of these inflammatory attacks to elephantiasis. The 
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French dermatologist, Sabouraud,”” was the pioneer in showing that typical 
seizures, occurring in certain non-tropical elephantiases (members of the ill- 
defined fourth group), are due to the presence of bacteria in the tissues and 
Matas!” has maintained that, granted some primary injurious factor, such as 
thrombophlebitis or a severe lymphangitis and lymphadenitis, repeated sec- 
ondary bacterial infection is likely to induce elephantiasis. To him, the 
prevalence of bacteria in the tropics accounts for the frequency of elephan- 
tiasis there and its rarity in temperate climes. His view seems to have been 
shared by Sistrunk?? whose experience with the disease was unusually large. 
According to this view, bacteria are necessary to the development of elephan- 
tiasis, though not its primary cause. Entering from local sores and injuries, 
but more often than is generally realized, through the lesions of epidermophy- 
tosis, non-suppurative bacteria, supposedly streptococci, are thought to 
occasion the inflammatory change which gradually closes the already dis- 
ordered lymphatic channels. These changes, as Stevens?? has shown, may 
represent allergic phenomena, the body being sensitized to a protein fraction 
of the causal bacterium, much as is the case with tuberculin, so that with 
every bacterial invasion a violent access of cedema occurs and fibrosis in- 
creases. However this may be, bacteria are made accountable for the 
repeated, self-limited attacks, much alike over long periods in any one indi- 
vidual, which aggravate progressively the fibrosis, hypertrophy and the 
deformity which mark the complete disease. Many of those who believe 
bacterial infection to be essential to the development of elephantiasis go 
farther than this, asserting, for instance, that filariasis plays no significant 
part in lymph-stasis, that a preliminary obstruction is not essential and that 
repeated bouts of streptococcal infection, whether or not observed, are its 
primary cause. 

One objection to the bacterial hypothesis is that many instances of ele- 
phantiasis develop and remain through life without any evidence of lym- 
phangitis or erysipelas whatever. In the sporadic cases, especially, a history 
of any sort of inflammatory reaction is often impossible to obtain. Gager* 
presents five instances of this sort, all among females, in two of whom the 
disease commenced in a very typical way at puberty. And Muller,’’ among 
a small mixed group in which a source of infection is usually evident, 
describes one of advanced deformity with which no attacks had ever been 
associated. Moreover, as Hope and French® relate in their account of a 
British family suffering from the hereditary form of the disease, the legs of 
such individuals as are subject to lymphangitis usually have been enlarged 
for many years before the attacks set in. 

A second objection is that, except in the presence of open sores and 
wounds, it has seldom been possible to cultivate bacteria from the tissues of 
those suffering from elephantiasis. Sarbouraud’s*! few patients all had 
chronic sores, and though Suarez?‘ in Porto Rico was successful in demon- 
strating bacteria in clearly septic cases (like Sabouraud’s), his colleague, 
MckKinley,'* failed to find them in parallel cases of well-developed elephan- 
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tiasis of a routine sort even during quite typical attacks. Indeed, only a few 
investigators (Rose,'? Acton and Rao!) have held it possible readily to 
cultivate streptococci from such limbs and have asserted that vaccines are of 
definite benefit in diminishing the frequency and severity of the seizures. 

Lastly, the attacks, whether or not they constitute an etilogical factor, 
have seemed to many to be allergic phenomena not necessarily of bacterial 
origin, but due rather to the presence in the part of some peculiar protein 
substance such as might arise, for instance, from the decomposition of dead 
filaria. (O’Connor.'*) 

On only one point is every one agreed, that whether or not the attacks 
are truly bacterial, their frequent repetition causes the disease to take on its 
most typical and advanced form. 


MECHANICAL AND CHEMICAL FACTORS WHICH MAY CAUSE LYMPH-CEDEMA 


From the surgical standpoint, it would appear that lymph-stasis should 
most readily be secured by thorough and, if necessary, repeated removal of 
the lymph-nodes along the course of the vessels draining a limb. Certainly, 
even in the absence of detectable recurrent cancer and of sepsis, axillary 
dissections for malignant mammary tumors occasionally result in elephantiasis 
of the arm. But there are no reports of success in establishing elephantiasis 
in animals by such means. Therefore it is pertinent to consider not only 
mechanical but all other causes of permanent lymph-stasis. 

A disorder of chemistry and the water balance in the tissues, as described 
by Barath and Weiner*® and by Kuntzen,'® may take place. Indeed, in the 
many elephantiases of a quiet, insidious onset, such an hypothesis is attractive. 
It has been suggested that because such states are apt to set in about the 
time of puberty, there may be an endocrine factor. In that case, why should 
only one limb so often be affected? There is no positive support for this 
hypothesis. 

A Malformation or Varicosity of the Lymphatics May Be Present.—The 
frequency with which the non-tropical disease becomes established at about 
the time when the limbs rapidly elongate offers a certain parallelism with a 
rather common form of varicose veins. Yet there is no actual evidence in 
support of this conception of varicose lymphatics, and it is rather more 
likely that there may occur an incomplete development of the lymphatics in 
such cases, a want atoned for by the regenerative efficiency of childhood but 
which in later years leads to gross lymph-stasis. _ However, again there is no 
actual ground for this supposition. 

A blockage occurs in the trunk lymphatics at the root of a limb or within 
the pelvis, as a result of unnoticed disease, or of a deep thrombophlebitis. 
Undoubtedly this hypothesis can and does account for much cedema of the 
legs. I am permitted by Dr. J. C. White, of the Massachusetts General 
Hospital, to describe the result of a pelvic exploration in the case of a young 
woman who had suffered for many years from an unaccountable elephantiasis 
of the left leg. He found, upon dividing the peritoneum over the left pelvic 
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few brim, a great dilated lymphatic blocked centrally by a scar, proximal to which | 
to no lymph-vessels were visible. On pricking this huge vessel, a strong gush | 
» of of lymph occurred, and he allowed it to drain into the peritoneal cavity. For 
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Fic. 1.—The larger valved lymphatics of the human pelvis and leg. The vessels 
and nodes of the pelvis are drawn atter a dissection by Dr. John Warren. The super- 
ficial and deep lymphatics of the leg are after Bartels and Cruickshank, respectively. 
Notice at what points on the pelvic brim a local obstruction may involve the total 
lymphatic return from the leg. (Courtesy of the New England Journal of Medicine.) 
some days, following the operation, the leg shrank remarkably but subse- 
quently resumed its former condition. Such a state is seemingly equivalent 
to elephantiasis of the arm following dissections along the axillary vessels for 
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cancer of the breast. To cause an obstruction, the interruption need only 
occur at some point at which the group of primary lymph-vessels happens 
to be gathered into one or two channels—an occurrence unlikely but by no 
means impossible. 

It is true also that, following phlegmasia alba dolens, the leg or legs 
often remain swollen. There is evidence, which one of us has presented 
elsewhere, that this swelling may be due to lymph-stasis resulting from dam- 
age to the trunk lymphatics within the arteriovenous sheath, but it may, in 
some cases at least, be due to permanently increased venous pressure result- 
ing from partial obliteration of the principal vein and its tributaries. How- 
ever, a history of phlegmasia alba dolens or anything resembling it is rarely 
if ever obtainable in typical Milroy’s disease or sporadic elephantiasis; so 
that this explanation can seldom apply. 

The frequency with which some sort of scar or fibrosis will be found 
obstructing the lymph-vessels of the pelvis in elephantiasis can be determined 
only by pelvic explorations. We are uncertain, for the moment, however, 
whether such a search will often be justified, for, as will presently appear, 
once elephantiasis is well established, the lymph-vessels of the leg itself are 
almost certain to have been obliterated by fibrosis. Only if investigation 
were made very early in the course of the disease might diversion of the 
lymph from obstructed peripheral lymphatics, if ever, be secured. Inasmuch 
as this tentative conclusion, together with an explanation of the secondary 
changes which give elephantiasis its peculiar character, is derived chiefly 
from experimentally induced lymph-stasis in the canine, a brief account of 
this state will here be given. It is fully described in a paper by Drinker, 
Field and Homans.* 

EXPERIMENTAL ELEPHANTIASIS IN THE Doc.—Before this combined re- 
search was undertaken, Drinker and Field® had become expert in the cannu- 
lation of the peripheral lymphatics. They were able, with the aid of a 
dissecting loupe, to pick up, at any point in their course, the larger ones 
which accompany the blood-vessels of the dog’s leg, particularly when these 
lymphatics were caused to take up appropriate dyes. For they had found 
that when a suitable dye is injected between the toes, light massage causes 
rapid filling of the whole lymphatic tree. Thus they were able to insert into 
almost any lymphatic which they could see, a fine quartz cannula and so to 
treat the lymph-vessels much as the physiologist experiments upon the blood- 
vascular system. The next problem was to find a chemical which, when 
introduced into the peripheral lymphatics, was capable of causing sufficient 
injury to both vessels and nodes to encourage their gradual obliteration by 
fibrosis, yet without too much toxicity for the body at large. After several 
trials, a 2.5 per cent. solution of quinine hydrochloride, combined with a 
suspension of crystalline silica-dust, was found to answer this purpose. As 
much as ten to twelve cubic centimetres of the solution of quinine could very 
slowly be introduced into the lymphatics at one sitting without causing un- 
toward effects. Large male dogs of the German sheep type were found most 
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Fic. 2.—The larger valved lymphatics of the dog’s pelvis and 
leg. After lipiodol injection of the lymphatics and operative dis- 
sections. The insert represents the great popliteal lymph-node and 
the lymphatics leading to and away from it. The relation of 


lymphatics and veins is semi-diagrammatically suggested. 
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suitable. All operations were performed under intraperitoneal nembutal 
anesthesia. 

Summary of Operative Procedures.—The first operation to be described 
was not used in all cases, though it may shorten the process of securing a 
lymphatic obstruction. In this, the abdomen is opened by a paramedian inci- 
sion and the great iliac lymph-nodes, through or near which all the lymph- 
vessels draining the hind leg seem to pass, are excised. Even if obstruction 
is to be secured in one leg only, it seems better, because of anastomoses 
across the mid-line, to remove the nodes of both sides, tying off all the enter- 
ing vessels. Such an operation causes little if any swelling, in any case only 
for a day or two. 

The first cannulation is performed in the middle third of the thigh. 
Through a short incision over the femoral vessels, the femoral sheath is 


4 


Fic. 3.—tThe distention and destruction of lymphatics behind an obstruction. At the left, the 
popliteal node and lymphatics several days after an obstruction has been established in the mid-thigh. 
In the centre, the same, two weeks later. At the right, the same, four weeks later. R6ntgenograms, after 
thorotrast injections. 


opened and search made for the larger lymphatics. These, three or four in 
number, may lie in front of, behind or between the artery and vein, com- 
municating with each other in most cases. A decided advantage of the pelvic 
procedure is to render these somewhat dilated. Even then, it is seldom 
possible to cannulate more than two lymphatics, for what sometimes appears 
to be a single trunk will often, on dissection, turn out to be a plexus of fine 
thin-walled uncannulatable vessels. After injecting three to five centimetres 
of 2.5 per cent. quinine slowly into each vessel and a similar quantity of 
silica-dust suspension, a fair degree of swelling will follow, but will again 
subside, perhaps in three to four days. 

Following this treatment of the main trunks, attention is now directed to 
the more peripheral vessels. Examination of Fig. 2 will show the many 
regions in which these can be approached. A superficial vein is always the 
guide. Naturally, the number of operations required varies from animal 
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to animal; but in all cases, the late sclerosing effect of the silica can be 
counted upon to reinforce the destructive action of the quinine. As a rule, 
several months go by before lymph-stasis is made permanent and a typical, 
painless elephantiasis is established. Thereafter, the series of clinical and 
pathological changes are identical with those of human elephantiasis and there 
have occurred spontaneously, in most cases, the identical attacks of chills, 
fever, local heat and swelling, which so often characterize the disease in man. 
These attacks and their causes will presently be described, but before this is 
done evidence that the experimental disease is in other respects identical 
with that of human beings will be presented. 

As can be appreciated by comparing the lymphatics of the human leg with 
those of the canine (Figs. 1 and 2), man possesses many more than the 
lower animals. However, in one vital respect, both are alike. All lymph- 
vessels must come together at the root of a limb and must pass along the 
pelvic brim or the axilla, as the case may be, to reach the thoracic duct. That 
destruction of these channels where all are gathered together results in 
chronic lymph-stasis has repeatedly been demonstrated, in the case of the 
arm, by operations for mammary cancer. A case in point is that of a woman, 
operated upon ten years ago by one of us for cancer of the left breast. 
Without any evidence of recurrence, the left arm soon became swollen and 
has since then enlarged progressively. The subcutaneous tissues are greatly 
thickened and indurated, the skin hypertrophied. Recently two typical at- 
tacks of “lymphangitis,” with redness, swelling and fever have occurred. 
The attacks were self-limited, exactly like those of elephantiasis in the leg. 
Since then, at one sitting, multiple excisions of hypertrophied subcutaneous 
tissue and muscular aponeurosis have been performed. At the operation, 
trypan blue was injected under the skin in the region of the hand and wrist. 
It was hoped that by this means obstructed lymphatics might be demonstrated 
and to this end the dissection was carried through the axillary scar. No 
vessels were found at any point. The sclerosing process had utterly destroyed 
them. The dye merely drifted about—as seen in the skin—by gravity. 

Such a state is exactly similar to experimental elephantiasis. In that 
disease, valved lymph-vessels are at first present. As seen, filled with 
thorotrast, which they readily take up, they appear at first greatly dilated. 
But in time they begin to take on a vague outline and finally disappear. 
(Fig. 3.) We have had as yet only one opportunity, since this work was 
begun, thoroughly to explore the elephantiatic leg of a human being, but the 
findings there were similar to those present in the dog’s leg and in the arm 
just described. Exploration of the leg, thigh and groin revealed the usual 
sclerosed, lymph-soaked tissues, but in spite of the use of trypan blue, 
neither in the periphery nor about the femoral vessels at the groin could any 
lymphatics be demonstrated. The dye drifted about according to the posi- 
tion of the leg but found no lymph-vessels to enter. 

Such being the analogies between the experimental and natural disease, 
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it remains to examine the changes in the tissues and the nature of the febrile 
lymphangitis-like attacks. 

Tue Tissue Fiuins, Frsrosis AND THE FEBRILE ATTACKs.—Fluid can 
best be secured from the limb in experimental elephantiasis by pricking the 
shaved skin deeply with a large needle. It is a little bloody at first but soon 
becomes clear. Followed in this way, the fluid has been found to contain 
steadily increasing amounts of protein. In our animals, the protein has 
always reached a level of 3 per cent., and, upon the establishment of febrile 
attacks, of 4 per cent.* As the tissue fluid has taken on more and more 
nearly the character of blood serum, the deep skin and subcutaneous tissues 
have steadily become more and more fibrosed, showing that the connective 
tissues are actively proliferating in so highly proteinized a medium. 


Fic. 4. Fic. 5. 


Fic. 4.—Early elephantiasis. In this animal, an attack can be induced only if at all by the injection of a 
large dose of the appropriate bacteria. He has had no spontaneous febrile attacks. 
Fic. 5.—Early elephantiasis. Soon after this photograph was taken the animal experienced a 
spontaneous febrile attack. 


From the little we know of the fluid in human elephantiasis, it appears 
that here the same change occurs. We are indebted to Dr. J. C. White, of 
the Massachusetts General Hospital, for a report upon two patients, one 
of which has already been mentioned earlier in the text as presenting at the 
pelvic brim a dilated, obstructed lymphatic. The lymph from this vessel 
showed a percentage of 5.5, and there was 4 per cent. for the tissue fluid. 
Another of Doctor White’s patients gave a protein percentage of 3.5 on one 


* The detailed chemistry and cytology of this fluid is described in a paper by Drinker, 
Field, Heim and Leigh,’ now in process of publication. 
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occasion and on another, 4. One of our own patients gave a fluid of 2.7 per 
cent. protein and recently an advanced elephantiasis in a young woman has 
come under our notice in which the fluid showed 3.4 per cent. of protein. 
It is of a good deal of interest to compare such findings with those of 
Zimmermann and De Takats?° in experimental venous thrombosis. They 
found that with increasingly severe and widespread venous obstruction went 
correspondingly high percentages of protein in the tissue fluids. Percentages 
over 3 were common and in such cases blood corpuscles were often present. 
To the retention of such fluids in the tissues Zimmermann and De Takats*® 
attribute the severity of the cedema and the resulting fibrosis. 

The protein percentage of normal tissue fluid and lymph being around 
one, it is clear that when capillary 
permeability is greatly increased or 
when lymphatic obstruction occurs, 
the tissue fluids tend to acquire so 
high a percentage of protein as to re- 
semble blood serum and a pronounced 
fibrosis of the tissue results. but 
this combined change has other ef- 
fects. It leads to the establishment 
of attacks, the infectious nature of 
which has now been proved. 

The Febrile Attacks.—The first animal 
of our series to attain a state of ele- 
phantiasis remained in good health for 
some six months. (Fig. 6.) One hot day 


in May, 1933, he fell sick and was found 
to be suffering from a high fever. He had 


Fic. 6.—Advanced elephantiasis, in both legs, 


sustained no injury nor was there any 
sign of a local focus of infection. The left 
leg (the larger of the two), became hot, 


the left showing the greatest development. Febrile 
attacks had been going on for six months when this 
photograph was taken. Since then the succeeding 
attacks have continued and elephantiasis has con- 


swollen and sensitive to handling. The dog ‘!4¢r@bly advanced. 


lay prostrated, indifferent to food and drink. A moderate leucocytosis in the systemic 
blood and a very high leucocytosis in the tissue fluid of the leg were observed. Subse- 
quently many attacks have occurred, rather more often, as is the case in human ele- 
phantiasis, in hot than in cold weather. 

In the animal’s second attack a culture of the fluid obtained showed a moderate 
number of hemolytic streptococci. It then appeared that these organisms could always 
be secured at the beginning of an attack but never at any other time. And at any 
one attack, even before the fever begins to abate, they diminish in numbers. Always 
the same organism is present. Always the animal, in bounding health between times, 
is prostrated. Always the leg is everywhere hot, swollen and sensitive. The bacteria * 
cultivated from this dog cause no reaction when injected into the normal leg of 
another animal but if injected into another elephantiatic leg reproduce the typical attack. 
Spontaneous seizures have occurred in two other dogs but this first one has developed 
the most complete and man-like disease. The skin is thrown into typical baggy folds 
and if the animal spends many hours rampaging about, the leg becomes enormous. 


* Bacteriological studies by Doctors Drinker, Field and Ward® are in process of 
preparation. 
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Fic, 7.—The course of a dye through the dilated lymph spaces in the skin. A 
sketch, two hours after the injection of trypan blue into the ankle—the leg being 
elevated and suspended. Streaks of the dye are seen on the abdominal wall about 
the external genitals. 
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Various circumstances modify the course of experimental elephantiasis. 
Dilated superficial lymph-spaces which may be covered with only the thinnest 
layer of skin may rupture, allowing enormous quantities of fluid to escape. 
In other dogs, there is a constant leak from between the toes. In such 
instances, attacks do not occur and the limb is less huge and baggy as would 
otherwise be the case. Leaks of this sort have a similar effect in human 
elephantiasis. 

The Circulation of Tissue Fluid—Perhaps the most practical result of 
these observations relates to the pathways of fluid from the leg, for these 
have a decided bearing upon treatment. If thorotrast is injected into the 
lymph-choked subcutaneous tissues and light massage is applied to the ele- 
vated leg, it can be shown that the suspension rapidly drifts into widely 


Fic. 8.—A dilated, endothelial-lined lymph space in the dog’s skin. The 


tissue fluids circulate through such spaces by gravity. There are many more 
such spaces at a little deeper level. 


distributed tissue spaces situated close to the surface. The thorotrast appears 
as a coarse mottling in the X-ray plate. But even more information can be 
secured by anesthetizing the dog, injecting eight to ten cubic centimetres of 
trypan blue solution, suspending the leg and watching the course of the dye 
as it percolates through the skin. (Fig. 7.) One or two white dogs in this 
series have served admirably for this purpose. The dye tends to be retained 
in the most scarred areas and runs rapidly from looser parts. It takes, by 
preference, certain courses. Inthe instances observed, it avoids the outer face 
of the thigh, taking to its inner face where it shows itself in streaks, spots 
and blotches. It tends toward the hinder part of the thigh and in one case, 
rapidly colored the anus a bright blue. It colors the abdominal wall, crossing 
freely from one side to the other, even through the genital region. From 
the abdominal wall, it is diffused all over the body, finally reaching areas 
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from which valved lymphatics can carry it into natural channels. But in the 
leg itself it follows gravity exclusively, running toward the foot quite as 


well as away from it if the paw is depressed. 
The spaces through which the fluid mainly drifts develop, probably, from 


the finest peripheral endothelial-lined vessels, into a capacious, valveless series 
of ponds and rivers.. These, as a rule, have a fibrous backing, though many 


are so very superficial in some part of their course as to be covered only 


by the most delicate layer of skin. It is these latter, doubtless, which give 


the appearance of deep blue spots when the blue dye is drifting through the 


tissues and from which leaks readily occur. It is remarkable how rapidly, 


through these valveless, irregular channels, the leg, if elevated, can be emptied. 
Muscular effort probably squeezes some of the fluid through such pathways 
toward the body but gravity is of course the governing force. (Fig. 8.) 


CLInIcAL IMPLICATIONS.—Judging by the course taken by colored tissue fluids in 
the dog and by the observations which one of us has already been able to make upon 
two human patients, it should be possible to discover, with the aid of dyes, the most 
available exits for fluid from the elephantiatic part and to plan operative treatment 
accordingly. Fortunately, since this paper was written and within three weeks, a 
patient with bilateral advanced elephantiasis has presented herself upon whom this 
hypothesis could promptly be tested. The accompanying photographs (Fig. 10) display 
the patient’s disease. R.S. is nineteen years of age, married, and had a child two 
years ago. When the elephantiasis was already well established, before marriage, she 
suffered two typical attacks of fever and local inflammation of both legs. She does 
not think the legs were more than temporarily affected by these attacks, but pregnancy 


caused such swelling, including enormous enlargement of the vulvae, that delivery by 


Cesarean section was required. When first seen, the surface of both legs was of almost 


wooden hardness, the left leg being decidedly the more tense and swollen of the two. 

A 2 per cent. solution of trypan blue was injected into several places about both 
ankles. The left leg was slightly elevated; the right, laid flat in bed. At once the dye 
colored the skin of the left leg in a tide of blue which swept rapidly up to the knee. 
Here it flowed toward the inner side of the joint, avoiding the lateral surface of the 
thigh. In the right leg (not elevated) the progress of the dye was much less rapid 
but otherwise the same. The left leg was suspended over night at an angle of 35 to 40°; 
the right, left flat in bed. 

On the following day, the whole left lower leg and most of the thigh were diffusely 
colored. Upon a pale blue background appeared darker spots, five to eight millimetres 


The only regions uncolored were about the patella and upon the back 


in diameter. 
The patient noticed 


of the thigh. The most heavily dyed area was just inside the knee. 
that she had to urinate often during the night and that her left flank was swollen. 
The calf and thigh were remarkably soft and shrunken, so that a fold of thick skin 
and subcutaneous tissue could now be picked up between the fingers. Thus, by gravity, 
much fluid has flowed out of the leg, and if the behavior of the dye is any guide, the 
preferred route is very superficial. Without regard to what lymphatics may be present— 
the failure of the posterior thigh to be colored at any time suggests that the dye has 
rapidly been carried away from this region by functioning lymph-vessels—it is clear, 
then, that the greatest possible amount of fluid-carrying skin must be preserved and 
the greatest possible amount of lymph-choked subcutaneous tissue and fascia must be 
removed. 

The opportunity will soon be given to test more fully this hypothesis. The ideal 
operation would seem to be the turning up of long flaps of skin, as thin and as wide as 


825 


: 

) 

4 


HOMANS, DRINKER AND FIELD 


can be made without danger of sloughing. The sclerosed, lymph-soaked tissues laid 
bare by such flaps should now be removed, including, as far as possible, the muscular 
aponeurosis. Then the flaps should be replaced upon the unscarred bed. The operation 
is, practically, Auchincloss’s’ modification of the Kondoleon’® procedure as practised by 
Sistrunk, but the object is not continuity of drainage elsewhere than in the skin itself, 
Nor does the plan necessarily include the introduction of fluid among the muscles, 
desirable as this may be. Should the fluid enter among the muscle groups, some valuable 
additional pumping effect might be obtained, but gravity drainage must mainly be 
sought. According to this scheme, if any lymphatic vessels appear to be functioning in 


| 
iliac 


Internal iliac artery \ 


Fic. 11.—A_ sketch made at the operating table, in the case of R. S. (Fig. 10), 
showing semi-diagrammatically the greatly enlarged, sclerosed lymphatic of both pelvic 
brims and their relation to the external and common iliac arteries. The lymph-nodes 
present a mulberry-like appearance. The exact nature of the obstruction, higher up, 
could not be determined. 


the thigh, little is to be gained by making flaps and removing tissue higher than the 
point from which tissue fluid and lymph are carried off with reasonable efficiency. In 
many cases, therefore, it may not be necessary to carry the operation much above the 
knee and absolute continuity of flaps from one end of the leg to the other is not vital. 
In the meantime, exploration of this patient’s pelvis in search of an obstruction to 
the lymph-stream has now been made, and with a most interesting result. The lym- 
phatics winding about both iliac arteries were found to be enlarged to perhaps three 
times their normal size and very much fibrosed. (Fig. 11.) A little fluid was obtained 
from one by inserting a subcutaneous needle (protein, 2.9 per cent.). There was 
only a very small flow of lymph on the left but rather more on the right. All vessels ap- 
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peared valveless. The lymphatics were found greatly enlarged well above the aortic bifur- 
cation but the risk of injuring the receptaculum chyle prevented a further search. There 
must be an obstruction above to have caused so gross a change in the vessels. The 
lymph-nodes were fibrous, flat and considerably enlarged. Their pathology is being 
studied but they do not appear to be a priine factor in the obstruction. 

Treatment of the obstructed lymphatics seemed to call for free opening and drain- 
age into the retroperitoneal space. Even though the amount of lymph now carried by 
them is small, some permanent benefit may come from its escape. At the conclusion 
of the operation, the loose tissues behind the peritoneum were already saturated with 
fluid which was found to refill any one place as fast as it was expressed. It is to be 
hoped that this excess of fluid will find its way to the upper half of the body whence it 
should easily reach the thoracic duct. 

The inference is reasonable that if exploration had been made at an early stage 
of the disease, before the peripheral lymphatics had been so nearly destroyed, a way 
could have been found to circumvent the obstruction, which must be quite local, and 
prevent the development of the non-reversible changes of elephantiasis in the leg. At 
the present stage of the disease, in this particular patient, the local operation upon the 
legs themselves must mainly be depended upon to modify her almost unbearable 
deformity. 


CONCLUSIONS. 


Experimental elephantiasis in the canine is identical for 
all practical purposes with the commonest varieties in human beings; that 
is, the filarial, surgical, sporadic and familial. 

experimental elephantiasis is called forth in a typical form by lymph- 
stasis alone, and without other influences progresses to an advanced state of 
fibrosis and deformity. 

In the experimental and human diseases, the same high protein concen- 
tration in the tissue fluid occurs. As this concentration rises toward that of 
blood serum, fibrosis also increases and aggravates lymph-stasis, so that a 
vicious circle of protein concentration and fibrosis is set up. 

Once elephantiasis is established in the experimental as well as in the 
human disease, there may set in the same recurrent attacks of fever and local 
inflammation, usually spoken of as lymphangitis. These. decidedly aggravate 
the disease. 

Hemolytic streptococci can be cultivated from the tissue fluids in the 
early hours of each attack in the dog and at no other time. These same 
bacteria call forth a typical attack in another animal when injected, in appro- 
priate quantity, into a lymph-obstructed leg and not when injected in even 
much greater quantity into normal tissue. 

By analogy, it must be supposed that bacteria of a similar nature can be 
recovered from the tissues in human elephantiasis, provided a search is made 
at the appropriate stage of the attack. 

The lymphatics draining the affected part, in both experimental and human 
elephantiasis, being disabled or destroyed, the tissue fluids circulate under the 
influence of gravity (aided perhaps, by muscular contractions). In the dog, 
once the disease is well advanced, they gravitate through wide, endothelial- 
lined spaces which may lie close to or actually in the skin and on reaching 
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normal tissues are promptly carried off. In the human being there is evi- 
dence that the same thing occurs. 

It should be the prime object of treatment, after study, with the aid of 
dyes, of the routes most available for the tissue fluids, to preserve at opera- 
tion the greatest possible amount of tissue carrying such routes and to remove 
the greatest possible amount of lymph-choked fibrosed subcutaneous tissue 
and aponeurosis incapable of carrying the fluid. 

In so doing, it is probable that rather thin, long, longitudinal flaps of skin 
and subcutaneous tissue should be made, something after Kondoleon’s plan, 
but the absolute continuity of such flaps from one end of the leg to the other 
is probably not essential. 

It is unlikely that the muscles play more than an indirect role in favoring 
the circulation of tissue fluid. Nevertheless, if the fluid could actually be 
introduced among them, this would be an advantage. 

There is evidence that lymphatic obstruction within the abdomen may 
often be a cause for elephantiasis nostra. Operative intra-abdominal diver- 
sion of the obstructed lymph-stream is a possibility. To be successful, it 
must be performed at an early stage of the disease. 

Elephantiasis consequent upon repeated attacks of infection from such 
sources as epidermophytosis or ulcers is probably distinguishable clinically 
from elephantiasis primarily due to lymph stasis. In the former, the enlarge- 
ment cannot develop without the infectious attacks. In the latter, the infec- 
tious attacks are often grafted upon lymph-stasis and aggravate the disease. 


BIBLIOGRAPHY 

1 Acton, H. W., and Rao, S. Sundar: The Importance of Secondary Infections in the 
Causation of Filarial Lymphangitis. Ind. Med. Gaz., vol. 64, p. 421, 1920. 

* Auchincloss, Hugh: A New Operation for Elephantiasis. Porto Rico Jour. Publ. 
Health and Trop. Med., vol. 6, p. 149, 1930. 

* Barath, E., and Weiner, P.: Physical Chemical Foundations of Predisposition to Edema 
in Pregnancy and Obesity. Zeitsch. f. klin. Med., vol. 125, p. 243, 1033. 

*Drinker, C. K., Field, M. E., and Homans, John: The Experimental Production of 
Edema and Elephantiasis as a Result of Lymphatic Obstruction. Am. Jour. Physiol., 
vol. 108, p. 509, 1934. 

* Drinker, C. K., Field, M. E., Heim, J. W., and Leigh, O. C.: The Composition of 
Edema Fluid and Lymph in Edema and Elephantiasis Resulting from Lymphatic 
Obstruction. (To be published in Am. Jour. Physiol—in preparation. ) 

* Drinker, C. K., Field, M. E., and Ward, H. K.: The Filtering Capacity of Lymph 
Nodes. Jour. Exper. Med., vol. 509, p. 393, 1034. 

*Gager, L. T.: Lymphatic Obstruction: Non-Parasitic Elephantiasis. Am. Jour. of 
Med. Sci., vol. 166, p. 200, N.S., 1923. 

* Hope, W. B., and French, H.: Persistent Hereditary Gidema of the Legs with Acute 
Exacerbations. Quart. Jour. Med., vol. 1, p. 312, 1908. 

® Kondoleon, E.: Die Lymphableitung, als Heilmittel bei chronischen Oedemen nach 
Quetschung. Munchen. med. Wchnschr., vol. 59, p. 525, 1912; Die operative Behand- 
lung der elephantiastischen Odeme. Zentralbl. f. Chir., vol. 39,7 p. 1022, 1912. 

*Kuntzen, Heinricli: Die Chirurgie der Elephantiasis. Klinische, histologische und 
experimentelle Untersuchungen. Archiv fiir klinische Chirurgie, vol. 158, p. 543, 
1930. 

828 


| 
| 
| 
| 
i 
| 
— 
— 
| 
3 
| 
q 


EXPERIMENTAL ELEPHANTIASIS IN ANIMALS 


Manson, Sir P.: Tropical Diseases. Sixth Ed., p. 709, New York, 19109. 

Matas, R.: The Surgical Treatment of Elephantiasis and Elephantoid States, De- 
pendent upon Chronic Obstruction of the Lymphatic and Venous Channels. Am. 
Jour. Trop. Dis. and Prev. Med., vol. 1, p. 60, 1913. 

McKinley, E. B.: The Role of Bacteria in Acute Filarial Lymphangitis. Porto Rico 
Jour. Publ. Health and Trop. Med., vol. 6, p. 419, 1931. 

“Meige, Henry: Dystrophie Oedémateuse Héréditaire. Presse méd., vol. 6,” p. 341, 
No. 102, 1808. 

% Milroy, W. F.: An Undescribed Variety of Hereditary Gidema. N.Y. Med. Jour., 
vol. 56, p. 505, 1892. 

Milroy, W. F.: Chronic Hereditary Edema: Milroy’s Disease. J.A.M.A., vol. 91, 
p. 1172, 1928. 

7 Muller, G. B., and Jordan, C. G.: Elephantiasis Nostra. ANNALS OF SURGERY, vol. 97, 
p. 226, 1933. 

%Q’Connor, F. W.: The Etiology of the Disease Syndrome in Wuchereria Bancrofti 
Infections. Trans. Roy. Soc. Trop. Med. and Hyg., vol. 26, p. 13, 1932. 

® Rose, F. G.: Report of the Government Bacteriologist, British Guiana, to the Tropical 
Diseases Research Fund Committee for the Period January, 1919, to March, 1920. 
Proc. Roy. Soc. Med., vol. 14, part 3, p. 1, Section of Tropical Diseases and Para- 
sitology, November 30, 1930. 

® Sabouraud, Raymond: Sur la parasitologie de l’elephantiasis nostras. Soc. frang. de 
dermat. et syph., vol. 3, p. 263, 1802. 

* Sabouraud, Raymond: Sur la parasitologie de l’elephantiasis nostras. Ann. de dermat. 
et syph., 3 s., vol. 3, p. 592, 1892. 

* Sistrunk, W. E.: The Results Obtained in Elephantiasis through the Kondoleon 
Operation. Minnesota Med., vol. 6, p. 173, 1923. 

** Stevens, F. A.: Chronic Infectional Edema. J.A.M.A., vol. 100, p. 1754, 1933. 

“ Suarez, Jenaro: A Preliminary Report on the Clinical and Bacteriological Findings in 
Sixty Cases of Lymphangitis Associated with Elephantoid Fever in Porto Rico. 
Am. Jour. Trop. Med., vol. 10, p. 183, 1930. 

* Zimmermann, L. M., and De Takats, G.: The Mechanism of Thrombophlebitic Edema. 


Arch. of Surg., vol. 23, p. 937, 1931. 


Discussion.—Dr. Epwarp W. (Montreal, Canada).—-The paper 
has been most illuminating, and has given us new knowledge. Of course, all of us 
immediately ask whether Doctor Homans can now explain to us the mode of causation of 
the swollen arm which occurs after breast amputations. The late Professor Halsted 
opined, and gave grounds for his opinion, that the trouble was due to a low-grade and 
widespread infection of the lymphatics, especially the deep lymphatics, resulting in 
extensive obstruction of these vessels throughout the tissues of the arm. Therefore, in 
breast amputations he advised against sewing up the wound, in order to prevent any 
such infection. 

There are instances, which I think must be familiar to most of us, of swelling of 
the arm, coming on more or less acutely, five, six or eight years after a breast removal, 
the arm having been previously very little swollen, if at all. Sometimes, a slight 
coincident redness of the skin surface leads one to think there must be much truth in 
the Halsted theory. 

The evidence put before us this morning seemed to me to indicate on the whole 
that we have to look for the block in the general lymphatic circulation of the extremity, 
rather than to one placed centrally. 

I would like to ask Doctor Homans whether in his microscopical sections he 
could prove the existence of such thrombosed lymphatics, and, if not, has he any further 
fact to add which might explain the swelling of the arm. 
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HOMANS, DRINKER AND FIELD 


Dr. Emit Goetscn (Brooklyn, N. Y.).—There is one thought I would like to 
suggest with reference to the cause of the progressive elephantiasis experimentally 
produced by Doctor Homans. In the last few years I have had occasion to study 
thirteen cases of hygromata of the neck. These conditions are caused by factors 
operating in the lymphatic system and similar in some respects to the factors involved 
in the experimental elephantiasis. One of the explanations of the progressive local 
cedema and thickening of a limb is that suggested by Adami, namely, that in stagnant 
lymph, certain chemical changes take place with the formation of products which act 
as irritants on the endothelial lining of the lymphatic vessels and spaces. This thought 
seems reasonable for in all the cases of hygromata which I studied critically, the micro- 
scopical sections show an infiltration of large numbers of plasma cells around and in 
the lymphatic spaces. Secondly, there is a resultant fibrosis which further occludes 
lymphatic vessels and spaces, thus interfering with the normal flow of the lymph with 
further stagnation. Thus there is a vicious cycle produced beginning with simple stagna- 
tion of the lymph followed by irritation of the endothelial lining resulting in fibrosis 
and occlusion of new lymphatic paths to be followed by further stagnation with a conse- 
quent repetition of tissue irritation, infiltration and fibrosis as mentioned. In this manner, 
the complete and permanent blocking of the lymph channels of an entire limb may be 
progressively produced. These tissue changes have been observed in lymphatic tumors 
in the neck and it seems to me that similar factors may be in operation in certain types 
of elephantiasis of the limbs. 


Dr. Epwarp W. A. Ocusner (New Orleans, La.).—We see a relatively large 
number of these cases in New Orleans. As Doctor Homans has said they are charac- 
terized by repeated attacks of infection associated with chills and fever resulting in an 
inflammatory reaction of the skin and subcutaneous tissue resembling the clinical entity, 
erysipelas. These repeated attacks of inflammation in this area of lymph stasis result 
in proliferation of the connective tissue of the hypoderm. This produces the thick, 
cedematous skin which is typical of the clinical picture of elephantiasis. The organism 
responsible for these repeated attacks of inflammation has been shown to be the 
streptococcus. Doctor Gage has isolated streptococci from several of the cases in our 
clinic. The organism was obtained from the deep tissues (hypoderm) of the skin. 
In some of the tropical countries where elephantiasis is common we find that the filaria 
block the lymphatics, resulting in lymph stasis, which produces a marked cedema, and 
according to Sir Patrick Manson this lymphoedema remains as such unless there is a 
secondary infection in this area with the streptococci. Ne has shown that it is necessary 
for the streptococci to infect the subcutaneous tissues before a true clinical picure of 
elephantiasis is present. 

Acting on the suggestion of Doctor Matas, we have been able to abort the attacks 
of inflammation in the majority of cases in our clinic by the use of a polyvalent strepto- 
coccic serum. The method which we use in administering this serum is as follows: 
During the attack of chills and fever the serum is given (therapeutic dose) every 
twelve to twenty-four hours until the temperature returns to normal; then a therapeutic 
dose of this serum, usually ten cubic centimetres, is given once a month for a year. 
This plan of treatment has prevented recurrence of the inflammation and to a certain 
degree has inhibited the further development of productive fibrosis and cedema, resulting 
in cessation of the process. ; 

We have not used the Kondoleon operation in any of our cases, as we believe that 
it gives only temporary relief. As has been shown by accurate follow-up of a large 
number of cases operated upon by the Kondoleon method, there was immediate improve- 
ment, but several years later the condition usually returned to the same productive lesion 
as before operative intervention. 


Dr. Mont R. Rep (Cincinnati, Ohio) —In regard to the replantation of dogs’ 
limbs. Doctor Halsted, Doctor Reichert and myself worked on this problem for two 
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or three years in an effort to produce elephantiasis. We found that when there was no 
infection the lymphatics would reéstablish themselves in from twelve to thirteen days 
and that, after this time, the oedema would promptly disappear. The reéstablishment 
of the lymphatics across the line of amputation could be easily determined by injection 
of the lymph vessels. 

I am sure Doctor Homans is familiar with a rather remarkable case which Doctor 
Halsted has reported. It was a case of elephantiasis of the arm which developed four 
or five years after an operation for carcinoma of the breast, and was associated with 
the appearance of a scar in the axilla. At operation we found a recurrence which 
involved but did not occlude the axillary vein. I excised completely the axillary vein, 
with a very prompt disappearance of the cedema of the arm. 

Acting on the suggestion of Doctor Matas a few years ago, we have, also, been 
using a vaccine to try to prevent the distressing attacks of inflammation, high fever and 
chills which occur rather regularly in these cases of elephantiasis. 


Dr. OweN H. WANGENSTEEN (Minneapolis, Minn.).—Shortly after Doctors Brown 
and Horton, of The Mayo clinic, described the recognition of the presence of occult 
arteriovenous communications by the detection of arterial blood in the venous channels 
of the part concerned, I had the opportunity of observing a patient who had been 
operated upon some time before by the Kondoleon method for elephantiasis who pre- 
sented clinical evidence of such an abnormal fistulous communication between artery 
and vein of her elephantisiac extremity. 

The enlarged extremity was slightly redder and also warmer than the opposite 
normal, and on auscultation of the thigh a murmur was heard foreign to the normal 
extremity. Venous blood was aspirated from the superficial veins of both lower 
extremities and from one of the antecubital veins. The blood from the elephantisiac 
extremity was distinctly redder than the other two samples, suggesting the presence 
of arterial blood; similar samples were then drawn under oil and the oxygen-carrying 
capacity determined. The oxygen content of the blood from the enlarged extremity 
was distinctly greater, approximating that of arterial blood, as its redder color on initial 
withdrawal had indicated. 

Exploration of the extremity along the path of the great vessels for an arterio- 
venous fistula was done over a considerable portion of its length without success. 
There had been no antecedent history of trauma. The communication undoubtedly is 
congenital in origin. Whether it is a single fistulous opening overlooked in the explora- 
tion or whether multiple minute communications are present remains undetermined. 

In the intervening years, four other such cases have come under my observation. 
In one of these the opportunity was afforded of establishing with certainty the actual 
presence of an arteriovenous fistula in an elephantisiac extremity. The patient was a 
young man with von Recklinghausen’s disease of multiple neurofibromas. Apart from 
the neurofibromas which were scattered about the body, the left lower extremity exhibited 
the typical posture of elephantiasis. Its enlargement had antedated the appearance of 
the neurofibromas in the extremity. One of the neurofibromas of the left lower thigh 
was frankly malignant, having undergone sarcomatous change. This extremity was 
slightly redder and somewhat warmer than the other; arterialized blood was aspirated 
from one of the superficial veins of the extremity. The malignant tumor in the leg 
justified its amputation. After several long and tedious dissections on the amputated 
extremity, a pencil-sized communication between the posterior tibial artery and _ its 
accompanying vein was uncovered. 

Inasmuch as four such cases have, been seen in a few years, I dare say that the 
occurrence of abnormal arteriovenous communications with elephantiasis is really not 
so infrequent. I should like to hear Doctor Homans’ impression of the possible significance 
of an arteriovenous fistula for the genesis of elephantiasis. 
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HOMANS, DRINKER AND FIELD 


Dr. Joun Homans.—It is quite true that there may be more than two sorts of 
onset in elephantiasis, one of which is infection from the beginning and the other quite 


obviously is lymphatic obstruction. I think the two varieties come together in the end 


but begin rather differently. 
As far as vaccines are concerned: in the treatment of the type in which the 


infection is present from the beginning, I have no doubt that they may be important, 
but I believe the demonstration which Doctor Stevens has already given of the 
possibility of desensitizing these people with their own bacteria is a very interesting 
thing and may turn out to be more important than the use of vaccines. 

As to the establishment of fibrosis in the tissue, this is actually the function of an 
increased percentage of protein in the tissue fluid following lymphatic obstruction. The 
experimental animals all have a protein percentage of between 3, 4 and 5 per cent., blood 
serum being only between 7 or 8 per cent. Under these circumstances, apparently the 
fluid acts as a culture medium for the tissues and the tissues become fibrotic. I think 
that is one of the reasons why the peripheral lymphatics are wiped out, even though 
they may have been present in the beginning. Moreover, that is why it is so difficult 
to tell whether the disease began as an infection all through the leg or as a central 
obstruction which subsequently led to the peripheral infection. But from our work on 
animals, we are quite sure that when it starts with a central obstruction, the resulting 
high percentage of protein in the tissue fluids will result finally in a complete fibrosis. 
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DISPLACEMENTS IN FRACTURES OF THE NECK OF THE 
FEMUR 
By Darracu, M.D. 
AND 
BarBara B. Stimson, M.D. 
oF New York, N. Y. 


Any light which can be thrown on the problem of fractures of the 
femoral neck will help to brighten the latter years of a good many elderly 
people. It is hoped that this study of the displacement of fragments will 
enable us to make the diagnosis more exact and to plan our treatment more 
wisely. This should mean a higher percentage of useful hips. 

The usual conception of the unimpacted fracture of the femoral neck, 
whether it be subcapital, through the middle of the neck, or at its base, is that 
the neck fragment is rotated out, adducted and carried up. On this basis 
the text-books describe the signs as eversion of the foot, slight adduction 
of the thigh, and shortening as shown by the position of the tip of the 
greater trochanter. For the same reasons, most directions for reduction, 
including Whitman’s, include traction, abduction and inward rotation of 
the thigh. 

We believe that this is essentially true in perhaps the majority of cases. 
We also believe: (a) that the position of the head fragment deserves more 
consideration; (b) that a shift or angulation of the neck fragment, either 
forward or backward, usually occurs; and (c) that the relationship of the two 
fragments to each other is of more importance than is the change from their 
normal position. 

If films are taken of a normal hip in various positions it will be seen 
that the details of contour vary considerably. If a film is taken (Fig. 1) 
with the individual lying on his back with his feet together, hips and knees 
being extended, the outline of the head is a little more than a semicircle, the 
first portion of the lower margin of the neck curves outward and downward, 
the lesser trochanter is moderately prominent, the neck is only a little fore- 
shortened and the greater trochanter appears almost in profile. 

It is only in extreme inward rotation (Fig. 2) that the neck shows in its 
full length and the greater trochanter in true profile. The lesser trochanter 
disappears and we may see the postero-internal prolongation of the articular 
surface of the head outlined. 

In outward rotation (Fig. 3) the lesser trochanter stands out very prom- 
inently and the; more quadrilateral outline of the greater trochanter is easily 
recognized. At the same time the neck is greatly foreshortened and the out- 
line of the head approaches the full circle. In late cases of fracture this fore- 
shortening of the neck is often mistaken for absorption. 
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Fic. 1. Fic. 2. 

Fic. 1.—Normal hip in mid-position. Note the outline of the head, a little more than a semi-circle, 
the first portion of the lower margin of the neck curves outward and downward, the lesser trochanter 
moderately prominent, slight foreshortening of the neck and the greater trochanter almost in profile. 

Fic. 2.—Extreme inward rotation. Note full length of neck, disappearance of lesser trochanter, true 
profile of greater trochanter, also outline of the postero-internal prolongation of the articular surface. 


Fic. 3. Fic. 4. 
Fic. 3.—Outward rotation. Note marked prominence of the lesser trochanter, quadrilateral outline 


of the greater trochanter and marked foreshortening of the neck. The outline of the head more nearly 
approaches a full circle. 


1G. 4.—Abduction and outward rotation. Note relation of articular surface to acetabulum, direction of 
first portion of the lower margin of the neck as well as the foreshortening and appearance of trochanters. 
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Fic. 5. Fic. 6. 
Fic. 5.—Adduction and mid-rotation. Note relation of head to acetabulum and direction of first portion 
of lower margin of the neck. 

Fic. 6.—Fracture through mid-neck. Head fragment markedly abducted as shown by relation of 
the articular surface to acetabulum and direction of first portion of lower margin of neck. Shaft is in 
slight abduction and moderate external rotation, In this case the raw surface of the head fragment 
lay in contact with the dorsal surface of the neck. (Position proved at operation.) 


Fic. 7. Fie. 8. 
Moderate abduction of head. Neck fragment rotated outward and displaced forward. 
(Position proved at operation.) 


Fic. 7. 


Fic. 8.—Abduction and marked flexion of head fragment. Outward rotation and forward displacement 
of neck. Position proved at operation. 
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Fic. 9A. Fic. 9B. 
Fic. 9A.—Note circular head with abduction and internal rotation of neck fragment. Head fragment flexed 
and rotated so that its raw surface looked directly forward and lay against the back of the neck. 
Fic. 9B.—X-rays of normal hip in which the femoral head appears round. These were taken with the 
patient prone, his thighs rotated out, the rays being directed from behind. 


Fic. 10. Fic. 11. 

Fic. 10.—Note abduction of head as shown by relation of articular surface to acetabulum and direc- 
tion of first portion of internal margin f neck. Stereoscopical ‘examination shows the overlapping to be 
on different planes rather than impaction. : 

Fic. 11.—Manfredi position for taking lateral views. 
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In abduction (Fig. 4), the relation of the head to the acetabulum and the 
direction of the first part of the neck are worthy of note. 

The same points should be noted in adduction (Fig. 5). The direction of 
this portion of the neck is important as in many of the neck fractures this is 
included with the head fragment. 

As we examine the flat anteroposterior films (Fig. 6) of cases of fractured 
femoral necks with these points in mind, we can estimate with some degree of 
accuracy the amount of ab- or adduction, of rotation, and of overriding of 
the lower fragment. But these can also be pretty well judged by the 
physical signs. The latter, however, tell us nothing of the position of the 
head fragment. By our flat plates we can judge (Fig. 7 and 8) the amount 
of ad- or abduction of the head and we can get a little evidence as to rotation, 
although this is apt to be inexact. One thing we can be sure of regarding 
the head fragment. If it appears circular (Fig. 9A), we know that it is 
either rotated or flexed so completely that the neck fragment cannot be 
brought into apposition with it as long as it remains in that position. We have 
completely failed to make the head look round in a normal hip.* (Fig. 9B.) 

In some cases one can also establish the fact that there is overlapping 
of the two fragments. In a flat film one cannot say whether this is due 
to impaction or whether the neck fragment lies in front or behind the head 
fragment. Nor can one be sure whether there is an angular deformity, the 
neck fragment being rotated out and the head fragment rotated in, leaving 
a V-shaped gap in front. 

Stereoscopic films will sometimes clear up these anteroposterior displace- 
ments. (Fig. 10.) We must confess, however, with our own rontgenologists, 
that either our technic or our eves have not yet been developed sufficiently 
to avoid error. 

Lateral films of the neck bring valuable evidence to bear on this im- 
portant detail. While excellent results have been obtained by the curved 
casette held in the perineum, we have obtained better results by a method, 
devised by our X-ray technician, Mr. Morris Manfredi. (Fig. 11.) With 
the affected thigh held in moderate abduction, the casette is held above the 
crest of the ilium, parallel to the femoral neck and the ray directed from 
below. (Figs. 12-17.) 

In 16 open reductions, we have been able to check the position of the 
fragments with the X-ray findings. It is of interest to note that the neck 
fragment was rotated out in thirteen, in mid-position in two and rotated in, 
in one. In twelve cases the neck fragment was distinctly in front of the 
head. In eight of these twelve, the raw surface of the head lay directly 


* Since this paper was read, X-rays of normal hips have been taken which show 
the femoral head in circular outline. These are obtained while taking films of symphysis 
pubis, the patient lying prone on the casette, the rays being directed from behind and 
the thighs rotated outward. This is illustrated in Fig. 9B. The same effect also may 
be obtained with patient in supine position, with marked external rotation of extremity 
and an eccentrically centered tube so that the central ray is quite oblique. 
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Fic. 12A.—Anteroposterior view after open Fic. 12B.—X-ray of dummy with fragment in 
reduction. corresponding position. 


Fic. 13A.—Lateral view of the case illustrated Fic. 13B.—Lateral view of dummy. 
in Fig. 12. 


Fic. 14.—Lateral view showing oblique plane of Fic. 15A.—Anteroposterior view showing for- 
fracture in excellent position. ward angulation with resulting gap. 
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Fic. 15B.—Lateral view showing forward angula- Fic. 15C.—Position illustrated by dummy. 
tion with resulting gap. 


Fic. 16A.—Anteroposterior view showing Fic. 16B.—Lateral view showing anteroposterior 
anteroposterior angulation, the head fragment angulation, the head fragment being flexed. 
being flexed. 


for- Fic. 17A.—Anteroposterior view with almost Fic. 17B.—Lateral view showing marked rotation | 
circular outline of head. of head fragment. 
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DARRACH AND STIMSON 


against the back of the neck fragment. In one other (Fig. 18A), it was 
against the side of the neck. In three cases the neck fragment lay behind the 
head and in one of these the raw surface of the neck was in contact with the 


Fic. 17C.—Position illustrated by dummy. Fic. 18A.—Anteroposterior view showing anterior 
angular deformity with an open V in front. 


lateral aspect of the head. In only one of the sixteen were the fragments in 
the same anteroposterior plane. In eleven cases the neck fragment was driven 
up, the amount of upward displacement varying from 1/5th to 4/5ths of the 
diameter of the neck. In five cases there was no upward displacement. In 


Fic. 18B.—Lateral view showing anterior angular Fic. 18C.—Illustrated by dummy. 
deformity with an open V in front. 


no case had the neck entirely slipped above the head in the primary dis- 
placement. (Figs. 18B and 18C.) 
In six cases the head fragment was abducted, in six more it was in mid- 
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DISPLACEMENTS IN FRACTURES OF NECK OF FEMUR 


position and in four it was adducted. In three cases the head fragment was 
distinctly flexed. It was never extended. Nine cases showed inward rota- 
tion and only one outward rotation. 

In four cases it was found that because of impaction or engagement of 
serrate margins, the head fragment followed the neck without change in 
relationship through all manipulations, including strong downward traction. 
Until lateral traction was made on the neck, sufficient to disengage the frag- 
ments, it was impossible to restore normal relationship. In others, it was 
found that the usual procedures of abduction and inward rotation increased 
the deformity instead of improving it. 

In reviewing this series where visual evidence was obtained at operation, 


Fic. 19.—Post-reduction films which at the Fic. 20.—Same case as in Fig. 19, three months 
time were thought satisfactory. The circular later, the neck fragment having slid by. 


outline of the head fragment should have dem- 
onstrated the impossibility of contact of fractured 
surfaces, 


we are impressed with (a) the frequency of anterior angulation or a shifting 
forward or backward of the neck fragment in relation to the head; (b) with 
the wide variation in the position of the head fragment; (c) with the extreme 
mobility of the head fragment, especially in the subcapital cases; (d) and 
finally that no one standard procedure will accomplish reduction. Bearing 
these points in mind, we have reviewed the cases treated by closed reduction 
and have found to our humiliation that many of our failures have been due 
to imperfect reductions. Films taken after attempted reduction show definite 
evidence of marked displacement in the anteroposterior plane with rotation 
or flexion of the head which should have been recognized, and further at- 
tempts made to obtain accurate apposition. (Figs. 19 and 20.) 
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We believe that single films taken in an anteroposterior plane, often fail 
to show angular or shifting displacements; that stereoscopic films furnish 
useful additional information but sometimes are not conclusive; that lateral 
films may be of great assistance. 

We urge that the attempt be made to make a more accurate estimation 
of the relative position of fragments and that the details of manipulation 
be adjusted to meet the requirements of the individual case. Lateral trac- 
tion together with downward traction will often separate the fragments 
enough to allow the neck portion to be adjusted to the head. The former 
can be accomplished through a swathe which passes around the upper part 
of the patient’s thigh and is then tied around the operator’s waist as he stands 
at the side of the table. 

If the neck fragment lies behind the head, it should be crowded forward; 
if it lies in front it must be pushed back. The questions of how the reduc- 
tion of fragments shall be maintained, the viability of the head, the late 
changes in the head, the duration of the rest period, the effect of early 
weight bearing and other problems are entirely omitted from this discussion. 

The authors are quite unhappy about their results of treating fractures 
of the femoral neck. We believe that many of our failures are due to inexact 
estimation of the local conditions. We feel that more evidence is at hand 
if we will but learn to use it. We hope that a confession of our faults will 
throw a little light on this troublesome problem. 
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THE GENERAL QUESTION OF THE EMERGENCY 
i TREATMENT OF FRACTURES 
By Freperic W. Bancrort, M.D. 


oF New York, N. Y. 


THE application of immediate traction to long bone fractures has become 
more and more emphasized as high speed locomotion by automobiles and air- 
planes has created serious in juries along highways. The deformities resulting 
from improper or no splinting during transportation not only delay the heal- 
ing time of the fracture but also may cause serious shock, hemorrhage or 
death. Men experienced in the treatment of fractures are convinced that 
reduction before cedema and swelling occurs results in better replacement of 
fragments and hence diminished time of disability, and better function when 
union has occurred. 

Several years ago little interest was shown in fractures, little attempt was 
made at immediate reduction and limbs were kept in elevated positions several 
days after injury until cedema disappeared. Then attempts at reduction were 
made. The improvement in results noted during the World War, when imme- 
diate traction was applied on the battlefield, was one of the most startling 
advances in medical science. In early post-bellum days fracture treatment 
retrograded and in ambulance transportation the return to the use of the long 
lateral splint which did not prevent overriding resulted in serious deformities 
and bad results. Injuries occurring along automobile highways where patients 
were placed in automobiles without satisfactory traction resulted in severe 
jackknifing of fractures. Recently, largely due to the propaganda of medical 
education stimulated in part by the Fracture Committee of the American Col- 
lege of Surgeons, interest has been revived and treatment has improved by 
leaps and bounds. Fractures are now treated as emergencies, like appendicitis. 
In large metropolitan hospitals the majority of fractures are treated by the 
younger men. These men need the encouragement and aid of their chiefs. 
The American Surgical Association has always been interested in problems 
of medical education and I am convinced that the fracture problem is worthy 
of its consideration and effort. The problem may be divided into two main 
phases: (1) The immediate application of traction at the site of injury, fol- 
lowing the dictum “splint them where they lie’; (2) the early reduction and 
improved treatment after the patient arrives at a hospital. 

About thirteen years ago a senior member of this association, Dr. Charles 
L. Scudder, originated the Committee on Fractures of the American College 
of Surgeons to promote medical education. The present status of this com- 
mittee and its accomplishments are largely due to the zeal and enthusiasm of 
Doctor Scudder. Many of you know of the proceedings of this committee 
at the annual meeting of the American College of Surgeons but not many are 
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fully aware of its other activities. I venture to mention some of its ideals and 
accomplishments because, in its efforts to improve hospital service and in the 
formation of new regional groups, the Committee on Fractures needs the aid 
and advice of the American Surgical Association. I shall not burden you 
with details but shall sketch rather briefly the plan of organization and the 
scope of its activities. The committee functions through three main agencies: 
First, the annual meeting of the American College of Surgeons; second, the 
annual meeting of the general Committee on Fractures ; third, regional groups. 

(1) At the annual meeting of the American College of Surgeons the com- 
mittee arranges for the fracture symposium and the fracture oration. It also 
gives practical demonstrations in recognized methods of fracture treatment 
and holds a clinical conference with members of the various regional groups. 

(2) The committee meets in January of each year in some city where 
the first day is given over to clinics wherein advances in the treatment of frac- 
tures are shown and the second day is devoted to reports of the various sub- 
committees. These sub-committees are as follows: (a) Scientific—a_ pre- 
sentation is made of the latest advances in research or treatment. (b) Educa- 
tional—both under-graduate and post-graduate. (c) Regional groups. (d) 
Physical therapy. (e¢) Bone plates and screws. (f) American railway sur- 
geons. (g) Editorial. (/) Transportation and ambulance equipment. 

These sub-committees have all done very important work in stimulating 
interest in the treatment of fractures throughout the United States. On ac- 
count of the short time allotted, I shall mention only the sub-committees of 
Transportation and Ambulance equipment, Editorial, Educational and Re- 
gional groups. 

Sub-committee on Transportation—Through the efforts of Doctor 
Kennedy and Doctor Willison the immediate fixed traction transportation 
method for lower extremity fractures has been added to the American Red 
Cross First Aid Text-book. Within another year the Red Cross expects 
to have trained by the demonstration method every one of their accredited 
instructors. Already in a number of large cities these instructors have 
trained the men handling fractures in municipal first aid work. The Red 
Cross first aid classes comprise particularly policemen, firemen, employes of 
public utilities and other large industries. 

The Boy Scouts of America have been trained in fixed traction in some 
cities. Their national organization has agreed to back the method and expects 
to start on this actively in the near future. 

The major portion of transportation of the injured in the country as a 
whole is done by the undertakers. One of their national organizations sent 
out a questionnaire on this subject, prepared by the sub-committee, to its 
entire membership. Replies were received from about 70 per cent. Of these 
about 70 per cent. were in favor of adopting fixed traction for use on their 
ambulances and said they were ready to do so if they could be trained. One 
undertaker took his questionnaire to a meeting of the medical society of the 
county in which he resides and the latter voted unanimously against it, stating 
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that all fractures should be handled by doctors only. The other large national 
organization of funeral directors is considering adoption of the method 
through its Committee on Education. 

The surgeons of the American Railway Association are in favor of the 
method, but state that they are hindered in the adoption at present by the 
economic situation. Demonstrations have been given before conventions of 
this body and also of several individual railroads. Some chief surgeons are 
using the method at certain centres on their lines. 

Many police and fire emergency squads have been trained and are using the 
method as a routine, also some mines and industrial plants which have their 
own first aid crews. 

Motion picture reels have been prepared for instruction purposes and 
have been shown in many parts of the country. 

As an incident illustrating the extent of the propaganda to “splint them 
where they lie” may I quote a story told me by Doctor Magnuson, of Chicago, 
who said: “I was going along the highway south of Chicago a year ago; a 
motor accident had occurred and a sixteen-year-old boy scout was fighting 
with two highway officials as to whether to move the injured man or not. 
‘You can’t move him. He has a busted thigh. If you move him his bones 
will jam through. You have to put a splint on first,’ the boy said and stood 
his ground until the motor cops got a long board and some bandages and the 
kid put them on. I stood and watched him, and he did a mighty nice job. I 
didn’t help. The highway cops helped him and he told them what to do.” 

Doctor Darrach estimated a saving per patient of $100 by the use of proper 
transportation of a fracture. It has been estimated that there are about 300,- 
000 extremity fractures a year in this country. By the adoption of this 
method it would seem that there would be an economic saving of $30,000,000 
a year. 

Editorial Committee—The fracture manual was originally sent out in 
15,000 pamphlets and has had since that time two printings in a revised 
form, 3,000 in the first and 2,000 in the second edition. Of these the greater 
number were distributed in the United States, but in addition they were dis- 
tributed in twenty countries outside the United States and Canada. The Pro- 
fessor of Surgery in the University of Australia asked for the privilege of 
incorporating in a pamphlet “The Outline,” which he would issue to the 
students. 

Medical Education —This sub-committee has sent letters to professors of 
surgery in all the medical schools requesting that more individual time be 
given to clinical instruction in the handling of fractures. It has also advo- 
cated the appointment of one man on each hospital staff who shall be respon- 
sible for the instruction of the internes in first aid treatment. The national 
board and various state examining boards have been requested to insert ques- 
tions regarding the application of the Thomas splint. In one university every 

student is instructed in the application of the Thomas splint during his surgical 
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trimester. This committee is functioning actively and I feel sure that before 
long the results of its activities will be evidenced. 

Regional groups.—The regional group sub-committee acts in co-ordinating 
the work of the various regional groups throughout the United States. These 
groups are requested to make an annual report to the chairman, and sugges- 
tions for enlarging their activities are made to them. The chairman of this 
sub-committee is also corresponding with men throughout the United States 
in an endeavor to form more regional groups in the main centres of population. 
The plan proposed is that eventually the whole United States will be subdi- 
vided into about fifty regional groups. This number should not be too un- 
wieldy and each main regional group may consist of several sub-regional 
groups, in order to properly cover the territory. 

Membership in the regional groups is not limited to Fellows of the Ameri- 
can College of Surgeons. The College, however, reserves the right to reject 
a member who has been turned down by it for ethical reasons. Young men 
who are not as yet eligible belong to these groups and are constantly receiving 
instruction and stimulation. 

The regional groups function through clinical meetings in hospitals, execu- 
tive meetings, and travel trips to various clinics. In Boston, the regional 
group has done a great deal to stimulate education throughout the greater 
part of New England and to improve the treatment of fractures in the 
various hospitals in Boston. In New York, through the efforts of the local 
group, the commissioner of hospitals ordered that Thomas splints for leg 
and Murray-Jones splints for arm fractures be made a part of the equipment 
of every ambulance caring for city patients. Through the efforts of this 
group courses of instruction for internes in fracture treatment have been 
started in many of the municipal hospitals. Questionnaires sent to the various 
hospitals relative to fracture treatment have resulted in more uniform control 
and better treatment. Post-graduate fracture courses have been given. In 
Philadelphia, the regional group has instructed firemen and hospital internes 
in immediate traction and has obtained the necessary equipment for their 
ambulances. The introduction of movies, by Dr. Hubley Owen, showing the 
application of immediate traction has proved of great benefit as an educational 
move. In Chicago, the group gave excellent clinical demonstrations at the 
last meeting of the College of Surgeons. The University of Chicago has 
taken over the Provident Hospital, a hospital for colored in Chicago, as a 
graduate school for negro physicians. Through the efforts of the local group 
fracture treatment has been emphasized, and they are making Thomas splints 
in their own shops at a cost of one dollar. They have also produced over- 
head frames complete and ready to use for less than ten dollars. From all 
over the state negro physicians are coming for postgraduate instruction. 

In Arizona, the state group has instructed the state police so that the main 
highways are being supplied with splints and immediate traction is being 
initiated in injuries occurring along the state highways. 
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Almost all of the groups are functioning actively and doing constructive 
work, but the details of their accomplishments cannot be given here. 

This, in brief, is a summary of the committee’s most important activities. 

If we are to reduce the marked economic loss that is sustained by the 
average person with fractures of the extremities there must be a nation-wide 
campaign of medical education. Hitzrot states that the average length of time 
that patients with fractures of the femur are kept from their normal occupa- 
tion is about fourteen months: This is by far too long a time. In order to 
improve fracture treatment public education must be carried on so that 
eventually we shall have stations along all highways and in main industries, 
where Thomas splints can be readily obtained. Groups of men must be 
trained in the application of these splints in a manner similar to that carried 
out during the war, when large numbers of doughboys and stretcher-bearers 
were instructed in the application of immediate traction. The Thomas splint 
must be cheap enough and light enough so that it can be returned by parcel 
post to its original station or to a central warehouse. Doctor Gordon is work- 
ing on a wooden splint which will be cheap and can be carried readily by a 
member of the state police on a motorcyle. 

It is advisable to have a unified control in the treatment of fractures. In 
services that change every two or three months the fracture patient suffers 
from the interference of continuity of control. One staff attending surgeon 
should be made responsible for interne instruction in first aid treatment, in 
order to properly educate the younger doctor. Medical schools should give 
more time to the practical treatment of fractures. 

These problems are vital to all of us and it is my hope that the members 
of the American Surgical Association will assist in this move for medical 
education. More regional groups should be organized, and we need your 
aid and advice in the formation of these groups. 


Discuss1ion.—Dr. Kettocc Sprep (Chicago).—Descriptions of the orthodox abduc- 
tion method of reduction and treatment of fracture of the neck of the femur have 
failed to stress the importance of the falling backward of the trochanteric portion and 
neck of the bone away from the head which lies inert in the acetabulum. In addition 
then to the three manceuvres established by Whitman, namely traction for full length, 
inversion for coaptation of fracture surfaces followed by maximal abduction for stabiliza- 
tion of position we must add a fourth step which raises the trochanteric end of the bone 
up to the level of the head. This step comes indirectly after traction for length, before 
the inversion is performed. 

The development of lateral X-ray views of the head and neck of the femur by the 
help of the curved casette placed between the legs has shown that in many instances 
where full length is gained and abduction is completed, the apposition between head 
and trochanteric portion of the neck is not satisfactory on account of angulation or 
rotation of the head in a lateral plane, not visible in the routine anteroposterior réntgeno- 


gram. 
However, complete reposition and apposition without this angulation does not always 


guarantee bony union. Interference with the circulation of the head from cut off vessels 
in the ligamentum teres or periosteal channels may lead to death, absorption and slow 
replacement of the cancellous bone of the head. Some of these changes can be foreseen 
in a progressive series of réntgenograms taken at bi-monthly intervals after satisfactory 
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reduction, and the patient must be made to wear a supporting walking caliper until the 
lines of bony trabecule are visibly established and the vitality or bony replacement of 
the head are assured. This may require ten or more months’ time. A small number 
of these fractures shown to be satisfactorily replaced by films made in both planes 
will go on to a condition of deformed and dying head, an ununiting change in the 
fracture plane in the neck follows even when all the precautions mentioned have been 
taken as is shown in the films of this patient. In such cases there must be some inherent 
tendency to non-union peculiar to the individual, depending on factors different from 
the ones given. 


Dr. SAMUEL C. PLUMMER (Chicago).—I would like to call attention to what [ 
think is one gap in our procedure in treating fractures from beginning to end. 

We talk about splinting them where they lie. Who splints them where they lie? 
How many cases have any of you ever seen where you got there soon enough to give 
the actual first-aid? I can remember only one in my own experience; probably your 
experience is much the same. 

The person who applies the first aid is a layman, and consequently the layman 
should be taught what he should do and what he should not do. I believe we could 
greatly improve the knowledge of the layman if every medical school had a course in 
first aid as it is to be practiced by the layman. This would be a great help to the 
students themselves because they do not realize the danger of injury from improper 
handling during first-aid administration as well as the boy scout who has _ been 
properly taught. 

Doctor Bancroft told of the case where the boy scout gave instructions to the traffic 
policemen. I believe the boy scout could give very valuable pointers to the average 
junior interne. 

I inquired as to the matter of first-aid teaching in Northwestern University, from 
which I graduated, and found they had a course in first aid which I believe was given 
to the juniors. They sent me an outline of this course. I found it was a course in 
first aid for surgeons, not for laymen. 1 suggested that a first-aid course ought to be 
given to teach the students how to teach laymen. 

Very few of us are prepared to give this instruction because we wander ofi into 
surgical technicalities and are likely to include in our courses of instruction things 
the layman ought not to be allowed to trifle with. 

They have such a course now in Northwestern University where the students 
are taught what they are to teach in first aid. 

A very safe guide is the text-book of the American Red Cross which Doctor 
Bancroft spoke of. If you stick to that you will not get out of line and will confine 
your teaching to what the layman should know. 

I believe that every medical school ought to encourage a course of that kind. I 
think it is the one weak point in our whole scheme of treating fractures. At the 
other end of the line, where the final treatment is given, we are getting more and 
more refined, more and more efficient, and accurate, but the one place where there is 
a big field for improvement is right at the beginning where the layman renders his 
first aid. 


Dr. James Mortey Hitrzrot (New York).—The primary displacements of hip 
fractures and their recognition and their correct replacement is the important thing in 
the treatment of fractures of the neck of the femur. In my experience, the failure to 
replace these primary displacements correctly has led to some of the things which 
have brought about a poor result. 

At Doctor Osgood’s suggestion, I looked up some late pictures of some cases of 
mine of people over sixty, which we have followed for eighteen months and apparently 
they were perfectly satisfactory. To my chagrin, after the eighteen months’ period, 
however, there were a number of changes .in the neck and in the head. 
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Going back to such pictures as I could find, I found our replacements were not as 
good as we had thought they were. 

As Doctors Darrach and Stimson have pointed out, the usual displacement is an 
anterior angular one at the neck of the fracture; the next common is the neck in the 
front, in my experience; and then the neck behind. The rotation of the head is one 
of the things that occurs and is very difficult to recognize. 

In a young man of twenty-four the head is rotated and the fragment is in front. 
We are told—and I have always taught—that they couldn’t walk. This fellow walked 
into the hospital with that leg. The man who first saw him thought he had a fracture 
of the neck of the femur, but said, “It can’t be, Doctor Hitzrot, because he is walking 
on it.’ He was. We told him he had to be admitted. He said, “I am not going to 
stay,’ and walked out. 

I don’t know what happened to him, but that is a fracture of the neck of the femur. 
He had all the clinical signs, yet he was walking on the hip with a limp. We never 
believed it could exist, but it did in this case. 

Another case presented a fracture through the narrow fork of the neck treated 
by the Whitman method. There is in addition to that a fracture here of the lesser 
trochanter. This is not through the base. The fracture line is right there but there 
is a fracture of the lesser trochanter which makes it look as if this is out of position. 

That case was put up and progressed satisfactorily, and at two-year intervals had 
no change in the neck. There was a good deal of new bone there, but that shows 
a satisfactory reduction. In the lateral picture we had some difficulty and I think the 
method which Doctor Darrach and Doctor Stimson showed would have been of 
assistance in the study of this case. 

At the suggestion of Doctor Stimson—who happens to have been my chief and 
Doctor Stimson’s uncle—we were interested in seeing the result of operations that are 
done under the fluoroscope. This was an eight months’ fracture in which there was 
obviously non-union. Doctor Stimson suggested that under the fluoroscope I try to 
drive in a bone peg. 

You see here that one of the difficulties in working under a fluoroscope is that 
you see things that are not there. When we took the plate, we found to our disgust 
that we had gone entirely too high on the trochanter and that our bone peg had 
passed above the line of the neck and was touching the acetabulum. 

I have only done two of those in that way, and this one, which was the most 
unsuccessful placing of the bone peg, was the one that turned out successfully. Here 
it went on and at eighteen months it healed and the bone peg was being extruded. 

Then we come to another group which puzzled me. I have been unfortunate per- 
haps in seeing several, and I have brought this. Here is a man in the late forties 
who has a fracture of the neck of the femur. It is a rather unusual picture. I was 
suspicious we were dealing with something else in this particular case. It was impossible, 
of course, to stand the man up. He had other signs that suggested the possibility of 
its being a Charcot’s joint. 

It subsequently turned out to be a Charcot’s hip with a fracture, and this is the 
result that occurred after he was treated. He was an industrial case, and a number 
of problems came up in that particular connection. 

Here is another fracture of a young individual in which there is rotation and in 
which an operation was done with the bone peg very early. This was done in 1910. 
I show it because it is one of the unfavorable results and I think it is unfavorable 
because the operation was improperly done. I didn’t have the proper conception of 
how to get that head fragment back, and I am quite sure that if a lateral picture had 
been taken of that after my operation it would have shown that I hadn't the bone 
peg in proper position. 

I show that simply because if you do not get the bone pegs in the proper position 
in the head and the neck they are not going to do any good and it doesn’t make any 
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difference whether the bone is partly in contact or otherwise, a failure is going to occur, 

This is a fracture through the base of the neck in the young individual which 
doesn’t show anything of any importance. 

This is the one I am looking for. This is a child of nine. It has been my 
unfortunate experience to have had some sixteen cases of fractures of the neck of 
the femur not through the epiphyseal line. This is old, but they all were through the 
narrow part of the neck, and all below the epiphyseal knee. This is an unfortunate 
result when it occurs. 

This case was operated on and arthrodesis done. At the time of the operation 
the cartilage of the head was entirely dead. Anything short of arthrodesis would not 


give a satisfactory result. The head was removed, the Whitman reconstruction type of 


operation was done. 
That experience is rather unfortunate when you meet it. The young child is going 


to have a terrible disability and yet I believe if the early correction had been properly 
done a better result might have been obtained. 


Docror GALLIE (Toronto, Canada).—The successful treatment of fracture of the 
neck of the femur depends on the accuracy of the reduction of the fracture and it 
doesn’t so much matter whether we use Whitman’s reduction or some other method 
of dealing with the fracture. The main thing is to get the fracture reduced. 

In order to accomplish a good reduction of the fracture we have to be able to 
interpret our X-rays. It seems to me that this paper emphasizes the importance of 
properly interpreting X-rays, particularly in regard to the question of the anteroposterior 
relationship of the fragments. We have concluded here, as they have, that we cannot 
trust our eyes in interpreting the stereoscopical X-ray. We have proven it by operating 
on the patients after we have decided the relationship of the fragments and found 
sometimes we are right and sometimes we are wrong, and we have certainly proved 
that some other aid must be used than the simple stereoscopical picture. So the sug- 
gestion they have made that we should always X-ray fracture of the neck of the femur 
by means of a lateral X-ray, either using the curved casette or the method they described, 
seems to be of the utmost importance. 

I believe the studies of X-ray pictures and improvement in our ability to interpret 
what we see will have great influence on the success of our treatment of the fracture 


of the neck of the femur. 


Dr. CHarLes L. Scupper (Boston).—Doctor Bancroft has directed attention to sev- 
eral matters in which surgeons may well become actively interested. I would emphasize 
undergraduate medical school instruction in fractures. 

Because of the unsettled curricula in surgery in medical schools of this country, 
because of the neglect to instruct undergraduates in fractures, the future practitioner 
is being sorely handicapped. The men who are to care for the injured are not being 
adequately prepared. Society will suffer. Surgery will suffer. It is high time that 
in every medical school the Department of Surgery provide courses for its students 
in fractures so that the fundamental principles of treatment are mastered. The sub- 
committee in Medical Education of the Fracture Committee of the American College 
of Surgeons has made definite suggestions regarding this matter. I appeal to every 
teaching member of this Association to interest himself in this project. 


Dr. Darracu (New York).—Dr. Speed’s suggestion of the additional 
detail of technic of pushing forward the lower neck fragment I think is an excellent one 
in certain cases. The difficulty is that in the cases that we were able to see exactly at 
operation, 75 per cent. showed the neck fragment in front and in only three out of the 
nineteen cases was the neck fragment behind. Sometimes you have to push the lower 
fragment forward and sometimes you have to push it backward. 
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I find that our total figures are a little better than I thought they were. It was 
quite depressing to find, in reviewing several of our bad results, that the anteroposterior 
films showed clearly that we had not obtained a satisfactory reduction. 

There was one case we kept up in plaster for 160 days with definite separation 
of the fragments staring us in the face all the time. 

In the five years, 1929 to 1933 inclusive, we have had ninety-two cases in the 
hospital, and of these ten died in the wards, four others died after being transferred to 
other wards, which gives a mortality of 15 per cent. 

Of the intracapsular—that is, the subcapital and the upper neck—in forty-seven 
patients the mortality was 10.4 per cent.; while in the intertrochanteric, twenty-eight 


in number, the mortality was 25 per cent. The mortality was much higher in the 


group in which we expect solid union. 
In going over twenty-one early cases treated by closed methods, which we have 


followed long enough to give results, ten had an end-to-side position, five more had 
an anterior angulation, five were impacted, and three were in good position. Of the 
five in end-to-side position, four were treated with suspension and traction with four 


non-unions. Six were treated with reduction in plaster, with three bony unions, one 


non-union. 
Of the five anterior angulation, four were plaster, two bony unions, one probable 


union. One was treated by suspension and traction with a probable bony union. The 
five with impaction had bony union, and the three in good position had bony union. 

Of the twenty-one cases, fourteen are walking, two are still in braces, one is dead 
with bony union just before death (shown at autopsy), one is walking poorly, and 


three are hardly walking at all. 
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THERAPEUTIC PORTENT OF BIOLOGY OF CANCER 
By Jonn L. Yates, M.D. 


or MILWAUKEE, WIs. 


(1) Intrropuction.—Notwithstanding the large amounts of money, time 
and effort devoted to studies of the nature of cancer, its prevention and treat- 
ment of patients suffering therefrom, the reported incidence, morbidity and 
mortality rates are mounting throughout the world. Manifestly, the availa- 
ble knowledge is not applicable to solution of clinical problems or is, as we 
believe, not advantageously utilized. 

A working knowledge of any disease, which is the foundation of sound 
therapy, is obtainable through interpretation of its natural history in the 
light of information provided by biology, the study and experience of divers 
forms of the disease and of comparable diseases. 

(11) Definition of Cancer —A definition will emphasize the basic pecu- 
liarities of the disease and the aspects meriting elucidation. Cancer is oc- 
casioned in susceptible individuals by an unrepressed production of common 
functions—respiration, ingestion, digestion and egestion, maintenance of in- 
tegrity of structure, growth, reproduction, automaticity and motility (inva- 
siveness) of unwholesome atypical epithelial (cancer) cells, the endogenous 
parasites of the disease. 

(III) Peculiarities—A parasitic disease in which the offending cells are 
not actually, but potentially, foreign, do not enter tissues from the external en- 
vironment of a body, but arise through a metamorphosis of hitherto inoffensive 
constituent cells of epithelial structures whence they invade tissues. 

The offensive irritants are not in the secreta of exogenous parasites but in 
the excreta of endogenous parasites. 

(IV) Aspects to Be Elucidated. (1) Transformation of wholesome 
epithelial into cancer-cells of divers grades of unwholesome atypicity (Hauser, 
Hansemann ). (p. 856). (2) Acquisition of parasitic attributes by cancer-cells 
(p. 857). (3) Repression of metabolic rates of cancer-cells, however great the 
malignancy, by insusceptible individuals and failure of that repression, how- 
ever slight the malignancy, by susceptible individuals. (p. 861). 

Elucidation of these aspects will be facilitated if attention is given to the 
conditions precedent to each and to the subsequent substantiation thereof. 

(1) Coincidence of cellular instability, a result of imbalance in the in- 
tracellular regulatory organization (governor) and a continued irritation of 
cells that provokes qualitative alterations in the units of cell structure which 
produce common functions is requisite to extension of those alterations be- 
yond wholesome limits. 

(2) A governor (intracellular regulatory organization) of a robust, un- 
wholesomely atypical cell that is sufficiently virile to drive the cell to maintain 
a habitat in an antagonistic environment provided by tissues, that is not 
amenable to pressor and depressor influences exerted by nerve impulses and 
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hormones but is responsive to similar influences exerted by antibodies, is 
necessary for an acquisition of parasitic attributes by cancer-cells. 

(3) Repression of the activities of cancer-cells is effected primarily 
through the depressor influences exerted upon their governors by a potent 
antiparasitic portion of antibodies elaborated from noxious excreta (antigens ) 
by a robust blood and lymph-forming organization; failure of repression or 
even stimulation of the governors occurs if the antibodies are slightly or very 
impotent. 

(V) Biology—Pertinent information is provided by constructive and 
destructive evolutionary processes and the natural laws that regulate them. 
A preponderance of intervals of health is requisite to longevity of individuals 
and to survival of species. This has led to a development of life-sustaining, 
health-maintaining and health-regaining groups of functions. Inheritance, 
acquisition and transmission to progeny of robustness (dominant characteris- 
tics) provides the added fitness of a constructive process. Contrarily, in- 
heritance, acquisition and transmission of frailties (recessive characteristics ) 
leads to elimination of the unfit, an indirect benefit to survivors. As will ap- 
pear (p. 861), virtually all individuals of all peoples harbor cancer-cells. Anti- 
gens in the noxious egesta of cancer-cells arouse and intensify productions of 
life-sustaining, health-maintaining and health-regaining functions. Responses 
to the actions of these irritants are contributory to acquisition of both domi- 
nant and recessive characteristics. Cancer-cell antigens are, always have been 
and always will be a constant factor in constructive as well as destructive 
evolutionary process. Inasmuch as a majority inherit, acquire and transmit 
robustness in part through this agent, it must be regarded as beneficial, though 
so largely detrimental. 

There occurs, under the guidance of natural laws, transformation of in- 
animate into animate matter, wherein the cell is the basic unit and the estab- 
lishment of constant interdependence of structure and function in normal and 
morbid states. Cells composed of divers elemental units and bodies composed 
of sundry varieties of cells have been developed by the same evolutionary in- 
fluences for the same evolutionary progress. A cell is a miniature body; 
a body an amplification of a cell; neither contains a structure nor produces 
a correlated function unrepresented in the other. Consequently, recognition 
of a structure or a function in a cell or in a body in health or in disease is evi- 
dence of a correlated function or structure in a body or a cell. 

Health of a unicellular organism or of the constituent cells of a body is 
requisite to continuation of species. Health obtains so long as the total 
product of functions is balanced, and requisite thereto is a regulation of rates 
of metabolism of the constituent units of an organism which produce the 
functions. The neuro-endocrine organization of a body is regulatory, exerting 
appropriate pressor and depressor influences to which all wholesome endogen- 
ous cells are amenable. A comparable regulatory organization or governor in 
a cell exerts the same influences upon wholesome units of structure of a 
cell which are analogous to cells in a body. 

During intervals of health of a body, Bernard proved there is balance in 


853 


Ime 
and 
ila- 
we 
nd 
he | 
T'S | 
H 
| 
e 


JOHN L. YATES 


(and between) the cellular and noncellular constituents of the blood and 
lymph, which he showed to be the internal environment of a body. This 
balance is maintained by automatic adjustments (Cannon) which include 
the actions of every mechanism in the body (Bernard), and the level of the 
balance is adapted by the regulatory organization to the rate and nature of 
activities of an individual. During intervals of health of a cell, there is bal- 
ance in and among the constituents of the intracellular circulating fluid, the 
internal environment of a cell, maintained by comparable automatic adjust- 
ments and the levels of balance adapted to cellular activities by the cell’s 
governor, which is analogous to the neuro-endocrine organization. 

The internal environment of a body constitutes the major portion of the 
external environment of cells. Cells receive their ingesta and hormones from 
that internal environment. The internal environment receives from cells in 
addition to oxygen, water, foods and salts, the secreta (corpuscles, hormones 
and antibodies) and excreta of cells which together form the egesta. If the 
constituents of the internal environment are unbalanced, the cells are denied 
suitable ingesta or hormones or are provided with unsuitable ingesta or hor- 
mones, either of which will disturb the balance in the product of functions 
and impair the structural integrity of the cells producing the functions. Con- 
trarily, if the structure and function of cells become unwholesome, the balance 
in the constituents of the internal environment is disturbed because the egesta 
are equally unwholesome. 

The above-described inter-relationships establish aphorisms that are in- 
adequately recognized. Health is incompatible with imbalance in the con- 
stituents of blood and lymph. Progressing alterations in the constituents 
indicate approaching imbalance and impending disease. Demonstration of im- 
balance in those constituents is evidence of disease and the nature of the im- 
balance; e.g., hyperglycemia, erythrocytopenia, accelerated sedimentation 
(Hewson, 1774), etc., are indicative of its character. Measures that assist 
individuals to maintain or to regain balance in the constituents will prevent 
disease or promote recovery therefrom. Efficacy of measures is therefore 
mensurable by determining whether the imbalance in the constituents, inevita- 
ble with the disease, be increasing or decreasing. 

It is now feasible to note the causes of qualitative alterations in cell struc- 
ture and the causes and consequences of cellular instability which influence 
transformation of wholesome into unwholesomely atypical cells. 

Bodies and cells are confronted with favorable and unfavorable, bizarre 
and antagonistic external and internal environments that impose demands for 
usual, unusual (life-sustaining), new and defensive (health-maintaining and 
regaining ) functions which must be satisfied if the health of an organism is to 
continue. These are specific functions which serve the welfare of an or- 
ganism primarily and are produced by the metabolism of correlated specific 
units of cell structure. Among the specific functions, the origin, transmis- 
sion, codrdination and reception of nerve impulses,* the secretion of hor- 
mones, elaboration of antibodies, formation of corpuscles and noncellular 
constituents of blood and lymph are of more immediate concern. There must 
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also be a simultaneous production of common functions which sustain life 
by preserving the structural integrity of the constituent units of cells. Com- 
mon functions, as already stated, are respiration, ingestion, digestion and 
egestion, growth, reproduction, maintenance of integrity of structure, auto- 
maticity and motility. 

Production of usual and unusual functions in response to demands of fav- 
orable and unfavorable environments entails transient and permanent quantita- 
tive alterations in structure of the units producing both common and specific 
functions, including the constituent units of the regulatory organization of 
bodies and cells. Transient alterations are associated with healthful exertion- 
rest intervals. Permanent increase in structure occurs with growth and over- 
exertion (hypertrophy). Permanent diminution in volume accompanies 
underexertion (atrophy) and involution. Production of functions in response 
to demands of bizarre environments affects only structures producing specific 
functions and necessitates qualitative alterations in them in order to produce 
a new or a compensatory function. This is exemplified in the embryonal 
differentiation of cells which meets the divers requirements of the developing 
feetus and in attempts of cells in Bruner’s glands to replace an extirpated 
pancreas. Antagonistic environments contain irritants that increase meta- 
bolic rates of cells and awaken defensive responses, particularly in cells differ- 
entiated for this service. Consideration is limited to toxins (secreta) produced 
by pathogenic bacteria and to the noxious egesta (excreta) of normal foreign 
cells transplanted from individuals of the same or a dissimilar variety and of 
unwholesomely atypical (estranged) endogenous cells. Toxins and noxious 
(antigens) egesta are both diffusable, irritate adjacent cells, enter blood and 
lymph, making the internal environment antagonistic and thus irritate many, 
perhaps all, other cells. 

The irritants impose demands for defensive, i.e., health-maintaining or 
regaining responses, in addition to an overproduction of functions needed to 
sustain life under the stress of disease. Irritants,f unless inordinately intense, 
exert pressor influences upon the governors of cells, including those in the 
neuro-endocrine and blood-forming organizations. Thus, the metabolic rates 
of most cells are raised directly and also indirectly through excitation of nerve 
impulses and hormones so the production of both common and specific func- 
tions is increased. The action of irritants also produces qualitative (toxic) 
alterations (cloudy swelling) in the structural units of cells. Qualitative al- 
terations in units producing specific functions of secretion enable certain cells, 


* Chemical mediation of nerve impulses and the dissemination of chemical mediators 
through the blood are omitted from this consideration. 

+ Evidence presented by cancer patients, also by those suffering from malignant lympho- 
matosis and tuberculosis, warrants an assumption that antigens contain two portions. One 
acts particularly upon the governors of hosts’ cells, and as the governor is largely in the 
nucleus, it is called neucleotoxic. The other acts more generally, 7.c., upon all units of cell 
structure and is called cytotoxic. Usually the virulence of neucleotoxic and cytotoxic por- 
tions is approximately equal, but at times one exceeds the other. Thus there are diseases in 
which there is a rapid progress and dissemination of lesions associated with relatively little 
intoxication or grave intoxication may accompany restricted lesions. 
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particularly those concerned in blood and lymph formation, to elaborate anti- 
bodies,* a defensive function. Qualitative alterations in the units producing 
common functions modify the nature of those functions commensurately with 
the extent of the alterations. Thus the egesta of cells becomes as estranged 
(noxious) as the extent of the unwholesome atypicity resulting from exag- 
gerated qualitative alterations in structure. 

(V1) Transformation of Wholesome Epithelial into Cancer-cells of Di- 
vers Grades of Malignancy.—Imbalance in a neuro-endocrine organization may 
be the result of inherent weakness of some of its constituent cells or of in- 
capacity imposed by fatigue or intoxication. A consequence of such imbal- 
ance is to make an individual unstable. A consequence of instability is to 
assure an over- or an under-production of some functions disproportionate to 
requirements of current activities which would otherwise disturb neither the 
balance in the total product of functions nor in the constituents of blood and 
lymph. As a result of inadequate regulation of metabolic rates, both qualita- 
tive and quantitative alterations in some cells are permitted to exceed whole- 
some limits. The regulatory organization sooner or later becomes stabilized 
if the individual survives. It may be restabilized at the previous level, more 
frequently at a higher or lower level and therewith the basal metabolism of 
the individual is correspondingly readjusted at, but usually above or below, 
the previous rates. 

The regulatory organizations of varieties, even of closely related cells, 
normally differ in robustness as indicated by the incidence of cancer, e.g., 
those in the mucose of pylorus of stomach and first portion of duodenum, or 
the units forming the governor may inherit extraordinary frailty or be in- 
capacitated by fatigue or intoxication. Resultant instability of cells leads to 
the same ultimate consequences as instability of individuals, namely, exces- 
sive alterations in structure. Excessive qualitative alterations in structure of 
units of epithelial cells producing common functions produce cancer-cells of 
lesser or greater grades of atypicity and of malignancy according as the gov- 
ernor is restabilized earlier or later and at, above or below previous levels. It 
is significant that the length of the interval before there is recovery of balance 
in the governor after qualitative alterations have exceeded wholesome limits 
determines the extent of atypicity and the level of its readjustment determines 
the basal metabolic rate of the cancer-cells. This explains why more atypical 


* It is recognized that antibodies, which are counterirritants, also contain two portions. 
One, antiparasitic, reacts upon the governors of the offending cells and according as potent 
or impotent depresses or raises the activities of the governors and therewith of the cells. 
Another, antitoxic, neutralizes the cytotoxic portion of the antigen more or less completely 
as it is more or less potent. Each antibody is elaborated from an antigen. It is therefore 
quite likely that antiparasitic fractions of antibodies are elaborated from neucleotoxic por- 
tions of antigens and antitoxic, from cytotoxic fractions. There is far more than specula- 
tive interest in this matter. Potent antiparasitic portions of antibodies promote recovery 
though the antitoxic portion is impotent and no antitoxic portion, however potent, can 
effect recovery if the antiparasitic portion is impotent. One day it will be possible to segre- 
gate the neucleotoxic portion and from it to develop an effective antiparasitic serum, how- 


ever incredible that appears. 
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cancer-cells that have a lower basal metabolic rate are less offensive or malig- 
nant than less atypical cancer-cells that have higher basal rates. The virility 
of the readjusted governor determines its responsiveness to antibodies (coun- 
ter-irritants ) and to other irritants, e.g., X-ray. This explains why cancer-cells 
that have more robust governors are initially stimulated by the same irritants 
that would affect contrarily cells having less robust governors because rela- 
tively milder irritants exert pressor instead of depressor influences upon them. 
Subsequent modifications of these responses are occasioned in part by altera- 
tions in the virility of the governors and stamina of cells and in part by the 
power of defense reactions. 

(VII) Acquisition of Parasitic Attributes as Cells Become Unwhole- 
somely Atypical—Unicellular organisms are more or less robust and have an 
automatic and more or less virile governor. A governor regulates the meta- 
bolic rates of a cell which sustain its health in a natural favorable external 
environment and determine the amount of its egesta, consisting of secreta, 
produced by specific functions, and of excreta, produced by common func- 
tions. Should a cell enter a strange and antagonistic environment, or should 
the external environment become estranged and antagonistic, the governor, in 
accord with its virility, attempts by raising metabolic rates of certain units of 
structure to drive a cell in accord with its stamina to establish or to maintain 
a habitat in a strange environment while defending itself against the noxious 
substances creating the antagonism. The quality as well as quantity of egesta 
will be altered because common and specific units of cell structure will have 
been altered qualitatively and quantitatively. 

Cells constituting a body likewise are more or less robust and have an 
automatic and more or less virile governor. During intervals of health, the 
external environment is favorable. Governors, subject to pressor and de- 
pressor influences exerted by nerve impulses and hormones, so regulate the 
metabolic rates of the structural units of cells and therewith the production 
of common and specific functions, including secretion and.excretion, that the 
egesta are nonirritating to other cells. Should the external environment be- 
come strange, as after transplantation of cells, or become antagonistic be- 
cause of toxemia, the governor, thus activated, attempts to raise metabolic 
rates of certain component units and thereby enable a cell to establish a habitat 
or in addition to defend itself against noxious substances, be they secreta or 
excreta of foreign or estranged cells or antigens otherwise produced. 

Parasitic attributes are a capacity to live in a strange and antagonistic 
environment provided by the tissue of a host, to produce secreta or excreta 
sufficiently noxious to cause local, regional and systemic (pathogenic) irrita- 
tion, to be unresponsive to nerve impulses and hormones that influence the 
governors of wholesome endogenous cells, but responsive to antibodies to 
which the governors of wholesome endogenous cells are unresponsive. 

The acquisition of parasitic attributes through the estrangement coincident 
with development of unwholesome atypicity can be traced in a survey of the 
consequence of inoculation with nonpathogenic and pathogenic bacteria and of 
iso-, homo- and hetero-transplantation of normal epithelial and of cancer-cells. 
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Nonpathogenic bacteria; comparable to normal epithelial cells—The goy- 
ernors are automatic and may be sufficiently virile to drive the more robust of 
these organisms to establish a habitat in the strange and mayhap antagonistic 
environment provided by living tissue. Their secreta do not contain toxins, 
and the egesta are slightly noxious. The governors of these foreign cells of dis- 
similar species are not amenable to nerve impulses and hormones produced by 
a host. If large numbers of bacteria are injected, they produce transient non- 
pathogenic irritation. If the bacteria live actively long enough to produce 
noxious excreta in sufficient bulk, consequent systemic irritation is evidenced 
by elaboration of potent antibodies, which represses the governors so that the 
metabolic rates are depressed below viable limits. 

Pathogenic bacteria; comparable to cancer cells —The automatic governor 
is usually virile enough to drive more robust organisms to establish a habitat in 
the strange and commonly antagonistic environment of living tissue. Their 
secreta contains toxins analogous to venoms and are more or less irritating ac- 
cording to the variety and the strain of organism. The excreta are slightly 
noxious. Governors are not amenable to the nerve impulses and hormones pro- 
vided by the hosts’ regulatory organization. Toxins cause focal, regional and 
systemic irritations and evoke elaboration of antibodies to which the governors 
of the bacteria are responsive. Antibodies contain antitoxic and antiparasitic 
fractions. If the antiparasitic fraction is adequately potent, the governors of 
the bacteria are so depressed that the basal metabolic rates fall to or below limits 
that support life, and the parasites are inactivated or destroyed. Less potent 
antiparasitic fractions are to the same extent unable to repress activities of 
parasites and may even increase them ( ?). 

Normal epithelial cells—Governors are automatic, though responsive to 
nerve impulses and hormones. Their virility and the stamina of cells corre- 
spond as a rule to the order of differentiation. In brain cells of high order, 
the virility of the governor or the robustness of the cell is so limited that they 
cannot establish a habitat in a strange environment and are limited in powers 
of defense against noxious substances. They do not survive transplantation 
and are not transformed into cancer-cells. Governors of cells of intermedi- 
ate order, ¢.g., thyroid, are virile and the cells robust. The secreta (specific 
functions) are external and internal. External secretions (bile, urine, pan- 
creatic juice) are irritating to cells unaccustomed to their action; internal 
secretions, nonirritating save in excess, as all cells are accustomed to their 
action. Excreta (common function) are little noxious except in bulk. Dermal 
and mucosal cells providing covering of a body, but not including the glandu- 
lar offshoots, exemplify the low order of differentiation. Virile governors 
and robust cells make them the most independent of wholesome body cells. 
Secreta are inconsequential. The excreta are little noxious but contain a frac- 
tion that is peculiar to each individual and strange to all other individuals 
however closely akin, excepting perhaps true twins. 

Cancer-cells—Governors are, as a rule, more virile than those of whole- 
some cells and the cells more robust. Unresponsiveness of governors to nerve 
impulses and hormones makes cancer-cells quite as independent as pathogenic 
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bacteria, enabling them to maintain a habitat in the tissue from which they 
have developed and to establish a habitat in tissues they invade or to which 
they are transported. The nature and amount of secreta seem to vary with 
the type of cell from which the cancer-cell developed, with the grade of atypi- 
city and with the metabolic rates. As a rule the less atypical the cancer-cell, 
the more typical their secreta. Particularly is this true of tumors of endocrine 
structures, which are not infrequently identified as cancers by microscopists 
and yet are probably more often hypertrophic than neoplastic. The excreta, 
which are as estranged as is the extent of unwholesome atypicity of structure 
of the units producing them, are more noxious than the excreta of whole- 
some cells ; indeed, may approximate the irritating capacity of toxins secreted 
by some pathogenic bacteria, notably tubercle bacilli. Excreta of cancer-cells 
cause focal, regional and systemic irritation and evoke elaboration of antibodies. 

._Iso-transplantation, implantation of grafts in another part of the same 
individual—Normal cells. Skin and thyroid. Appropriate implantation of 
grafts, skin to a denuded dermal surface, thyroid to deep structure whence a 
blood supply is derivable, introduces only physical irritation. Governors, 
though denied nerve impulses, keep cells active until blood-vessels and nerves 
generate and, save nominal cicatrization, reestablish normal structure and 
function. Inappropriate implantation may not prevent grafts from establish- 
ing a habitat in strange tissue, but it introduces more local irritation and pre- 
vents restoration of normal structure and function. 

Cancer-cells, whatever the structure wherein they developed—Implanta- 
tion of grafts without infection in deep tissue whence a blood supply is attain- 
able is appropriate. Virile governors, responsive only to antibodies which are 
impotent else the individual were insusceptible and the cancer had not arisen, 
drive robust cells to establish a habitat and to multiply. As growth proceeds, 
the structure of the original tumor is reproduced because of that basic com- 
mon function, the maintenance of integrity of structure. An iso-transplanted 
graft is in effect an artificial metastasis, and the egesta of the cancer-cells in 
transplanted tumor continue the local, regional and systemic irritations as did 
the cells in the parent tumor. 

Whereas grafts of normal cells are more certain to live if implanted in 
a favorable environment, and only in this environment will restore normal 
structure and function of the parent tissue, grafts of cancer-cells will survive 
in any environment whence a blood supply is attainable and will reproduce 
the morbid structure and malfunctions of the parent tumor. This is an evi- 
dence of greater virility and independence of the governor and of the stamina 
of cancer-cells and of retention of the fundamental tendency to continue and 
reproduce parental structure and function, although perverted. 

Homo-transplantation, grafts implanted in another individual of the same 
variety —Normal cells, skin and thyroid. Governors are sufficiently virile 
and cells sufficiently robust to enable them, after appropriate implantation, to 
live though the environment is somewhat strange, to grow and to restore 
relatively normal structure and function. The egesta are so slightly irritating 
that local and regional responses are quite undemonstrable. Systemic irrita- 
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tion is no greater, but suffices to cause an elaboration of antibodies. If the 
defensive organization of the recipient of a graft is not incompetent, the anti- 
bodies become potent after shorter or longer intervals and cause abrupt or 
gradual destruction of the graft. 

Three facts warrant emphasis. The excreta of normal dermal cells of 
donors are irritating to recipients of grafts though they be as closely related 
as mother and child (Holman) or belong to the same blood group. This 
illustrates how limited need be the estrangement of cells to make egesta suffi- 
ciently noxious to cause systemic irritation and elaboration of antibodies. Ex- 
creta of normal dermal epithelial cells arouse an earlier elaboration of potent 
antibodies than do the excreta of normal thyroid cells. There are comparable 
differences in responses to the excreta of varieties of cancer-cells. Homo- 
grafts of normal dermal and thyroid epithelial cells only survive (if ever ?) 
in those recipients having a blood- and lymph-forming (defensive) organiza- 
tion incapable of elaborating antibodies from slightly noxious excreta. 

Cancer-cells—A graft of cancer in another susceptible host of the same 
species establishes a habitat in the tissues, grows and reproduces the abnormal 
structure and malfunctions of the parent tumor. If the recipient of the graft 
be insusceptible, or be able to develop the defensive capacity that will confer 
insusceptibility, the implant will be promptly or gradually destroyed. The 
capacity of cancer-cells not only to establish but to maintain a habitat in a 
slightly strange and antagonistic environment is additional evidence that their 
stamina and the virility and independence of their governors, both greater 
than those of normal cells, are accountable for these parasitic attributes. 

Hetero-transplants, grafts transferred to another individual of different 
variety—Normal cells. Governors are insufficiently virile and independent 
and cells insufficiently robust for grafts to establish more than a transient, if 
any, habitat in a strange and likely an antagonistic environment. 

Cancer-cells——Grafts implanted in hosts susceptible to cancer establish a 
temporary habitat and may even grow until antibodies become potent, where- 
after there is a gradual destruction. Should a graft of tumor be again trans- 
planted while still viable to another susceptible host of the same variety as the 
one in which the parent tumor arose, it will thrive. Later, when the graft has 
regained its stamina, the same process can be repeated. 

Capacity of cancer-cells to establish a habitat in a strange and presumably 
antagonistic environment and to continue active existence until antibodies be- 
come potent is conclusive evidence of their unusual stamina and of the ex- 
traordinary virility and independence of their governors. Moreover, their 
power to regain this capacity by being transferred to a less antagonistic en- 
vironment after the capacity has been reduced by mounting antagonism 
resulting from the increasing irritation of more potent antibodies is indicative 
of attributes that are also manifest by pathogenic bacteria. Not only does 
this experimental evidence establish the nearly identical behavior of endo- 
genous and exogenous parasites, but affords data to confirm the explanation 
of the phases of the disease hereafter presented. 

(VIII) Capacity of insusceptible hosts to repress the activities of all 
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cancer-cells, however high the grade of malignancy, below destructive limits 
and incapacity of insusceptible hosts so to repress the activities of one or more 
varieties of cancer-cells, however slight the grade of malignancy. 

Clinical and experimental observations of spontaneous, induced and mixed 
forms of cancer have provided data which disclose the processes concerned in 
conferring insusceptibility and imposing susceptibility. 

Every one is subjected to actions of propitious and adverse influences 
from conception until death. Propitious influences augment production of 
life-sustaining, health-maintaining and health-regaining functions. The basis 
of each group is a formation and equable delivery of a suitable volume of 
blood of appropriate quality. Life-sustaining functions are responses to de- 
mands of favorable and unfavorable environments. Propitious influences 
continue the welfare of blood-forming cells, provide building material and 
the necessary stimulation. Health-maintaining functions (resistance) are re- 
sponses to antagonistic environments and supplement life-sustaining functions. 
Propitious influences do not vitiate welfare of blood-forming cells and provide 
antigens that introduce elaboration of antibodies and an overproduction of 
certain leucocytes. Health-regaining functions (defense) are invoked when 
resistance has become inadequate, and an excess of antigens (noxious egesta 
of cancer-cells) introduces toxemia. Propitious influences curtail antago- 
nism and promote an increased production of leucocytes and elaboration of 
antibodies to overcorrect the deficits that made resistance inadequate. Propi- 
tious influences are anti-carcinogenic. 

Adverse influences interfere with production of life-sustaining, health- 
maintaining and health-regaining functions by impairing blood formation 
(reduction of resistance or defense) and raising antagonism (increasing 
offense). Influences are adverse only when unwholesome actions impair the 
integrity of the blood-forming organization, ?.e., when offense exceeds defense 
in power. In brief, adverse influences for individuals having a frail defensive 
organization would be propitious for those having a robust organization. 

Carcinogenetic, included among the adverse influences, are parasitogenic 
and pathogenic. Parasitogenic influences promote transformation of whole- 
some epithelial into cancer-cells. Pathogenic influences tend to impair resist- 
ance to and defense against cancer-cells. 

All epithelial cells of low and intermediate orders of differentiation are 
subjected to actions of parasitogenic influences. A majority are affected 
favorably, wholesome structure is retained and robustness raised ; a minority 
react unfavorably, weakness and unwholesomeness of structure develop. No 
individual is entirely insusceptible to parasitogenic influences; more or less 
unwholesomely atypical cells are produced. A considerable proportion of 
these cells succumb but replacements are oversupplied. Every one harbors 
actual and potential cancer-cells among wholesome cells in divers epithelial 
tissues and organs; the number and distribution increase with age. 

All individuals are subjected to actions of pathogenic influences. A ma- 
jority are affected favorably, the robustness of blood-forming structures is 
raised, ample production of blood, particularly of antiparasitic fraction of 
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antibodies represses governors of cancer-cells and their activities are kept 
below destructive levels. Insusceptibility is conferred and is continued by a 
production of health-maintaining functions evoked by the antigens produced 
by surviving and newly formed cancer-cells. A minority are affected favor- 
ably only for a time, @.e., gradual or abrupt decline in health-maintaining 
function reduces the potency of the antiparasitic antibodies, cancer-cells be- 
come destructively active, produce an excess of antigens and inaugurate a 
disease. Insusceptibility has been converted into susceptibility. 

The toxzmia co-incident with a primary aggressive phase of an incipient 
disease awakens health-regaining functions, in effect, an overproduction of 
life-sustaining and health-maintaining functions, which improve the quality 
(more leucocytes and antibodies) and increase the quantity of blood delivered 
to the structure wherein cancer-cells have become active. After an interval, 
defense, consisting of an infiltration of tissue adjacent to active cancer-cells 
with lymphocytes and production particularly of the antiparasitic fraction of 
antibodies depresses the governors of active cancer-cells and introduces a 
regressive phase. If this or a later regressive phase be sufficiently intensified 
and protracted, health-maintaining functions are rehabilitated, a spontaneous 
recovery is achieved and susceptibility is converted into insusceptibility which, 
if enduring, confers immunity. The proportion of individuals who thus ac- 
quire insusceptibility is larger than suspected, may even exceed the proportion 
in which it is inherited. If a regressive phase is inadequate, a temporary re- 
duction in the activities of cancer-cells lessens production of antigens and an 
equivalent limitation in elaboration of antibodies. Subsequently, the cancer- 
cells become more active and another aggressive phase begins. 

Alternating aggressive and regressive phases continue, if the disease be 
unarrested, through its initial, intermediate and terminal stages. In an initial 
stage, the reserve power or margin of safety in the blood-forming (defensive ) 
organization diminishes and the regressive phases, at first longer, are short- 
ened and at the beginning of an intermediate stage are about equal to the 
aggressive phases, marking a progressive reduction in defensive power. A 
similar progressive reduction occurs during the terminal phase and may be- 
come more abrupt to introduce a more acute exacerbation. 

Degrees and duration of insusceptibility, the time of incidence and grades of 
susceptibility, the nature of the primary cancer and the course of the disease are 
determined by offense-defense ratios in which defense is the dominant factor. 

Offense is determined by the degree of atypicity, commonly called grade of 
malignancy, of cancer-cells and the rate of their metabolism (p. 857). Atypicity 
of cancer-cells may be so slight as to escape recognition as malignant or so great 
as to escape recognition as epithelium. Cancer-cells of lesser grades of malig- 
nancy may be transformed into more atypical cells after the primary tumor 
arises. A reverse process is exceptional. Metabolic rates of cancer-cells are 
commensurate with the repression exerted upon their governors by the anti- 
parasitic portion of antibodies. 

Defensive power is provided mainly by the entire blood-forming organ- 
ization but more particularly by the lymph-glandular portion. After a disease 
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begins, the amount of antigens produced by cancer-cells increases, especially 
during active phases. A cytotoxic portion of the antigens is a general sys- 
temic irritant, as exemplified in cachectic states. Whether or not a neucleo- 
toxic portion is equally active systemically is unknown. Apparently, the more 
potent antiparasitic part of the antibodies may be elaborated by lymph-gland 
units because as these structures become subcompetent the rate of growth 
rises, there is lessening of the number of lymphocytes infiltrating adjacent 
tissue and in circulation. Moreover, the experimental observations of James 
B. Murphy and his associates not only uphold clinical observations but also 
show that the presence of lymph tissue (spleen) and lymphocytes inhibits the 
activities of transplanted cancer-cells. Presumably, lymphocytes can elaborate 
antibodies or produce similar substances. 

Varieties of wholesome epithelial cells in one individual differ in structure 
but certain of the structural units producing common functions are the same. 
Excreta of the varieties of those cells are as dissimilar as their structure but con- 
tain a fraction common to all. The excreta are nonirritating (antigenic) after 
iso-transplantation but are antigenic to a recipient after homotransplantation. 

The potency of the antigen measured by the rapidity of elaboration of 
antibodies varies with the variety of cell (p. 860). The antigens produced by 
cancer-cells of divers grades of malignancy transformed from different varie- 
ties of wholesome cells likewise differ in potency. Available evidence indi- 
cates that however dissimilar the cancer-cells, a fraction of antigens produced 
is common to all antigens and that fraction is represented in the nucleotoxic 
portion of the antigen. Consequently, the antiparasitic portion of antibodies 
contains a fraction common to all antibodies. If that common fractiop is 
highly potent, it confers insusceptibility not only to all cancers but to all 
tumors producing antigens.* Contrarily, if that fraction is highly impotert, 
it imposes susceptibility to more than one variety of cancer-cell and to other 
tumors producing antigens; if less impotent, susceptibility to one variety of 
tumor-cell is imposed. 

Every one is primarily insusceptible to cancer. The high, intermediate 
and low degrees of insusceptibility are inherited or acquired and are raised by 
propitious and lessened by pathogenic influences according as the blood- and 
lymph-forming organization is robust or frail. High degrees of insusceptibil- 
ity are enduring; intermediate degrees less enduring; and low degrees are 
temporary or transient. If the defense organization is extraordinarily weak, 
a high grade of susceptibility arises in a foetus; if less weak, it arises in child- 
hood. Thereafter, the time of incidence and the grade of susceptibility are 
determined by the reserve power in the blood- and lymph-forming organiza- 


* The doctrine of panimmunity and pansusceptibility to tumors introduced by Ehrlich 
and substantiated by clinical observations of patients suffering from cancers and from 
sarcoma is not entirely correct. Our limited studies of patients suffering from brain tumors 
and ganglioneuroma failed to disclose evidence of antigen formation. Cushing (personal 
communication) has not noted antigenic irritation in his vast experience of brain tumors. 
The frailty of the units of structure producing common functions in highly differentiated 
cells may be accountable both for failure to produce potent, if any, antigens and for the 
absence of metastases (p. 858). 
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tion and the exposures to more or less active pathogenic influences. Contra- 
rily, incidence of disease can be postponed and the grade of susceptibility 
reduced by propitious influences. 

In consequence of many fluctuating minor factors in both offense and de- 
fense major factors which establish the offense-defense ratios, the behavior of 
cancers is never quite identical. The less the atypicity of cancer-cells the 
more nearly a primary tumor reproduces the structure wherein the cells de- 
veloped and vice versa. A primary tumor may be large (e.g., rodent ulcer) 
and produce no demonstrable metastases or (adeno-carcinoma) a few small 
metastases in adjacent lymph-glands. A primary tumor so small as to be un- 
detected can produce large and widely disseminated metastases. Toxzemia 
from a large amount of cancer can be limited, and from a small amount rela- 
tively intense, depending upon the potency of antiparasitic and antitoxic frac- 
tions of the antibodies. 

Offense-defense ratios in the least degree of insusceptibility are equal, in 
the lowest grade of susceptibility just above equality, increasing thereafter as 
the grades rise. If the grade be high at onset, the disease is acute because 
defense is overwhelmed, recovery is impossible; if the grade be moderately 
high, the disease is subacute, defense is aroused promptly to its full capacity 
and if the blood-forming organization retains a margin of safety, spontaneous 
recovery is possible ; if the grade be low, the disease is chronic, defense is not 
aroused to its full capacity, progress is slow but inexorable; if the grade be 
higher, the disease is subchronic, defense is aroused but not aroused promptly 
to its full capacity ; a later awakening of ample health-regaining functions can 
effect a spontaneous recovery. 

(1X) Comparative Pathology and Therapy—General Consideration. Ex- 
perience of human beings with exogenous (bacteria) and endogenous (cancer- 
cell) parasites begins after establishment of a foetal circulation. Throughout 
intra-uterine life, toxins produced by pathogenic bacteria, frequently, and 
occasionally the bacteria, enter the internal environment of a foetus from ma- 
ternal circulation. During birth, bacteria are deposited upon the surfaces of 
an infant’s body from its external environment and after birth the deposition 
of more numerous bacteria present in a less restricted external environment 
is quite continuous. Some of the bacteria penetrate the surfaces upon which 
deposited and become invaders of a body; a portion enter the internal environ- 
ment directly; another portion enter tissues and if not destroyed enter the 
circulation indirectly. Invasions of bacteria, some pathogenic, occur through 
the mucosz of the digestive tract during digestion, through mucosa of respira- 
tory tract and skin at irregular but not infrequent intervals. Many are short- 
lived and frequently replaced; others are longer-lived and less frequently 
replaced. In consequence, every one harbors within tissues living bacteria 
present in external environment. Living pathogenic bacteria produce toxins 
which enter blood and lymph. The internal environment is therefore almost 
continuously antagonistic during life. 

The pathogenic portion of invading bacteria are parasites. Each parasite 
produces noxious substances, antigens. Antigens containing cytotoxic and nu- 
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cleotoxic portions cause focal, regional and systemic defensor responses. Sys- 
temic responses are the most significant for if adequate the balance in constit- 
uents of the internal environment requisite to health is maintained or regained. 

Antigens can increase production of life-sustaining functions and do 
awaken production of health-maintaining or health-regaining functions which 
are chiefly an overproduction of corpuscles and elaboration of antibodies. 
More intensely irritating pyogenic antigens which are largely cytotoxic act 
particularly upon the granuloblastic series of cells and less upon monocyto- 
blastic cells, less irritating antigens upon lymphoblastic and monocytoblastic 
cells, moderately irritating antigens or those highly irritating at first that be- 
come less irritating, and those less irritating at first that become more irritating 
act upon both granulocytoblastic and lymphocytoblastic and upon monocytoblas- 
tic series. All antigens act upon cells most concerned in elaborating antibodies. 
More irritating antigens act rather upon cells more closely associated with gran- 
uloblasts, less irritating antigens with cells closely related to lymphoblasts. 

Efficacy or inefficacy of the defensive corpuscular responses is manifest 
in the number of corpuscles over- and under-produced and in their compe- 
tence, i.¢., the proportions of mature, immature and senile forms. Moreover, 
a fall or a rise in the proportions of the numbers of types of leucocytes is in- 
dicative of favorable or unfavorable response. The ratios of the monocyte- 
neutrophile series is approximately 0.12 in health ; of the monocyte-lymphocyte 
series about 0.33 as noted by Cunningham. 

The efficacy and inefficacy of antibody responses is less readily estimated 
because more protracted. Sedimentation rates are hastened so long as un- 
neutralized excess of antigens is present in the blood and are retarded when 
surplus of antibodies is present. 

Each antigen has a specific portion peculiar to it and common portions 
present in all antigens. The specific portion of antigens of closely related 
bacteria (parasites) is little dissimilar, of unrelated bacteria (parasites) is 
correspondingly dissimilar. So, too, the antibodies elaborated from antigens 
contain common and specific portions which are likewise more or less closely 
related or dissimilar. 

Antigens containing a larger fraction of more irritating cytotoxins pro- 
duce acute diseases and lead to elaboration of antibodies in which the anti- 
toxic exceeds the antiparasitic fraction. Antigens containing a larger frac- 
tion of neucleotoxins produce less acute diseases and lead to elaboration of 
antibodies in which the antiparasitic equals or exceeds the antitoxic fraction. 
The consequences are noteworthy because potent antiparasitic fractions of 
antibodies are the foundation of insusceptibility. 

The excess of potent antitoxins elaborated in acute diseases hastens recov- 
ery but the insusceptibility thus acquired is prone to be temporary or even 
transient, apparently because of elaboration of a less amount of antiparasitins, 
whereas in subacute and chronic diseases, less antitoxins and more antipara- 
sitins are elaborated and the acquired insusceptibility is likely to be longer 
enduring, if not permanent. 

More potent antibodies, whether the antitoxic or antiparasitic fractions 
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are equal or unequal, provide nonspecific protection against closely related 
parasites that is less effective than the specific protection provided against the 
same parasite. 

The excess of potent antitoxins elaborated in acute diseases hastens im- 
mediate recovery, but the insusceptibility thus acquired is prone to be tem- 
porary or even transient, imposing a later or prompt return of susceptibility, 
Apparently, this results from a lesser elaboration of antibacterins under stress 
of disease, the storage of a smaller surplus is temporary and the elaboration 
of potent antibacterins is then discontinued. In subacute and more chronic 
diseases, more antibacterins than antitoxins are elaborated, recovery is pro- 
tracted, storage of a large surplus is effected, and the insusceptibility acquired 
is more enduring, if not permanent. 

Production of life-sustaining functions begins with conception. Progeni- 
tors of cells that are to constitute the blood-forming organization endow them 
with more robust or weaker structure. If these cells were otherwise unin- 
fluenced, inherited strength or weakness would predetermine the duration of 
ample blood formation, the basis of life sustenance. Even under such condi- 
tions, the amount of each constituent formed would exceed requirements to 
support life so long as the productive cells remained competent. Cannon has 
described how surpluses of cellular and noncellular constituents are so stored 
as to be immediately available when abrupt demands require withdrawal from 
storage to satisfy them with requisite promptness. 

All blood-forming cells are subjected repeatedly to actions of divers anti- 
gens and their reactions begin, continue or augment production of health- 
maintaining functions, chiefly an overproduction of corpuscles and elaboration 
of a surplus of potent antibodies. Surplus corpuscles are distributed through 
circulating blood and a portion is stored with the surplus blood. A part, per- 
haps all, of surplus antibodies is similarly distributed and stored. More likely, 
a part of the surplus is stored in some extravascular structure, as are the sur- 
pluses of water, salts, sugar and proteins. The storage places and means to 
facilitate withdrawals of antibodies are unknown and merit investigation. 

Quite constantly, the resistance provided through health-maintaining func- 
tions produced by competent cells suffices to prevent disease. When weaker 
cells forming corpuscles or elaborating antibodies become incapacitated, ac- 
tual deficits in the blood occur that impair or dissipate resistance. Should an 
unneutralizable excess of antigens enter the circulation, the deficits are rela- 
tive. Actual or relative deficits impair resistance, permit offensive to exceed 
defensive power, impose susceptibility and inaugurate a disease. Excess anti- 
gens in circulation evoke health-regaining functions, an overproduction of 
life-sustaining and health-maintaining functions. The progress of the disease 
marked by alternating progressive phases is determined by the efficacy or in- 
efficacy of defense (health-regaining functions). If efficacious, the deficits 
in the blood are overcorrected and recovery is achieved; if inefficacious the 
deficits increase and the disease proceeds through initial, intermediate and 


terminal stages. 
Be it recalled that after recovery from acute diseases (pneumonia) the 
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production and storage (?) of surplus antibodies is not long continued and 
terminates acquired insusceptibility. After recovery from a disease that be- 
gins acutely and then becomes subacute (scarlet fever) a longer continued 
production and storage (?) of antibodies is protracted and is the great factor 
in conferring immunity. In chronic diseases, the production of health-restor- 
ing functions seldom reaches full capacity, progress is slow and arrests, though 
frequent, usually are but temporary. 

A constant presence of living pathogenic bacteria in a body is necessary to 
promote production of health-maintaining functions that supplement life- 
sustaining functions and so continue health required in constructive evolu- 
tionary processes. This accomplishment depends upon raising the level of 
balance in and among the constituents of the internal environment. Invading 
bacteria benefit by having a habitat and being supplied with water and nour- 
ishment. Production of antigens that keep the defensive organization of a 
host in a state of active preparedness including a storage (?) of surplus anti- 
bodies fulfills their obligations. In other words, the constant bacteria-human 
host coexistence is a symbiosis that is inevitable and desirable even could it 
be terminated. Were a means available to eliminate all bacteria and other 
parasites from a body, its utilization would terminate life by ending the sym- 
bioses productive of health-sustaining functions, the foundation of health- 
regaining functions. 

Clinical aspects.—Both prevention and treatment of parasitic diseases are 
but a utilization of measures as will reduce offense and augment defense. 
Reduction in offense is limitation of exposure, especially to more virulent 
parasites and diminution of the number and distribution of invading parasites 
and of their toxins. Defense is augmented by hygienic modes of living, rest, 
sunshine, diet, drugs, and mayhap transfusion of unmodified blood that raise 
the stamina of blood-forming structures, increase the quantity and improve 
the quality of blood in currency. Defense is more important than offense, 
for however much offense be curtailed, inadequate defense precludes recovery, 
and however baleful be offense, a predominant defense obviates disease or 
assures recovery. 

Every one harbors, at intervals or continuously, a number of the pathogenic 
bacteria that abide in the same community. A majority have inherited or 
acquired defensive power to make them insusceptible to those parasites. The 
defensive power of the minority is limited ; the defensive organization has but 
a narrow margin of safety. It confers an interval of insusceptibility until 
the stamina of the blood- and lymph-forming organization wanes or is im- 
paired and susceptibility is imposed. 

The greatest medical service to be rendered individuals is to encourage 
them to live wholesomely so as to safeguard the stamina of their blood-form- 
ing structures; to recognize approaching susceptibility to parasites and to 
provide such timely assistance as may reduce offense but will raise defense to 
a higher level and there maintain it, thus extending the interval of insuscepti- 
bility or establishing immunity. The next greatest service is to recognize in- 
cipient disease and to provide forthwith the modes of assistance needed to 
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develop a favorable increase in the constituents of the blood, expedite recovery 
and to continue thereafter the acquired insusceptibility which produced recovery, 

Prerequisites to those achievements are, in last analysis, a recognition of 
individuals having less robust defensive organization, of the diminishing fa- 
vorable balance in the constituents of the blood, of an unfavorable balance 
therein and of means to restore and retain a favorable balance. 

(X) Tuberculosis —Natural history, pathology and therapy with special 
reference to cancer. Tuberculosis, as old as man, affects some other animals 
and some birds. In human beings, the disease arises in the foetus, in the aged, 
but more often before senescence. None living in or near even smaller but 
unisolated communities long escapes repeated invasions of tissues by bacilli. 
A human host-tubercle bacillus symbiosis may begin in a foetus and is quite 
constant after infancy. 

All are insusceptible for an interval. A majority inherit, more often ac- 
quire a defensive capacity that confers high intermediate and low degrees of 
insusceptibility that are subject to the actions of propitious and adverse influ- 
ences upon blood-forming organization. High degrees are enduring and con- 
fer panimmunity to all forms and strains of bacilli. Moderate degrees are 
less enduring. Low degrees are temporary or transient. A minority become 
susceptible when the initial stamina of blood-forming organization is impaired 
by adverse influences or wanes because it was inherently limited. High, inter- 
mediate and low grades of susceptibility are imposed. Spontaneous, induced 
and mixed forms of the disease are provoked by more or less virulent strains 
of varieties of bacilli pathogenic for man. In the spontaneous form, blood- 
forming organization is inherently so weak that elaboration of potent anti- 
bacterins wanes sooner or later if their lives are sufficiently prolonged. 
Diseases that arise early are equally more acute; those that appear later are 
apt to be correspondingly less acute. Induced forms are provoked by the ac- 
tion of adverse infiuences (unhygienic modes of living, malnutrition, anzemia 
and diseases, notably influenza, that impair blood-forming organization) in 
people who were moderately insusceptible and otherwise would not have de- 
veloped the disease. Mixed forms are provoked the earlier by actions of 
adverse influences upon those destined later to develop the spontaneous form. 
Induced forms are more frequent and usually less sinister than spontaneous, 
which are less sinister than mixed forms. 

Progress of unarrested disease is marked by alternating aggressive and 
regressive phases, extending through initial, intermediate and terminal stages. 
In the initial stage, the margin of safety in the blood-forming organization 
is least affected, regressive exceed aggressive phases; in the intermediate 
stages the margin of safety is reduced and the phases are more equal; in the 
terminal phase the margin of safety has been abolished; aggressive exceed 
regressive phases. An intensification and prolongation of an aggressive phase 
caused by a rise in offense introduces an acute exacerbation. Contrarily, an 
intensification and prolongation of a regressive phase resulting from a rise in 
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defense can make a disease more chronic, and if it occurs in the initial or 
early in an intermediate stage can lead to spontaneous recovery. 

Alterations in the blood in pulmonary tuberculosis have actually been 
recognized in reverse order, that is first in later stages, but will be described 
as they begin and progress. Tuberculosis resembles scarlet fever in that the 
first response is in the neutrophile-monocyte series, later responses in the lym- 
phyocyte-monocyte series, but differs in that the responses coexist so long as 
additional tubercles are being formed. Responses are associated with some 
acceleration of sedimentation during aggressive phases, decreased rapidity of 
sedimentation during regressive phases. Retardation of rates may occur 
during early regressive phases and do occur as regressive phases promote 
recovery. 

Alterations coincident with developing susceptibility are not pronounced, 
and as they can be provoked by antigens of other bacteria, are of value only 
in conjunction with other clinical data.* Secondary anemia is frequent, 
leucocytes are at upper wholesome limits, slight neutrophilia and perhaps 
monocytosis, monocyte-neutrophile ratio reduced, slight lymphocytosis, mono- 
cyte-lymphocyte ratios above usual, sedimentation slightly accelerated. 

Incipient Disease-—Secondary anemia, more frequent. During an aggres- 
sive phase, slight leucocytosis, neutrophilia, lymphocytosis, monocytosis, 
monocyte-neutrophile ratio lower, monocyte-lymphocyte ratio higher, sedi- 
mentation hastened. During a regressive phase, the alterations are reversed, 
no longer suggest presence of deficits, but rather the existence of insuscepti- 
bility, which in fact it is, although but temporary. 

Moderately Advanced Disease-—No attempt to differentiate the phases. 
Secondary anemia common, leucocytosis higher, neutrophilia and monocytosis 
higher, slight lymphopenia. Neutrophile-monocyte ratio lower, monocyte- 
lymphocyte ratio higher. Proportion of immature neutrophiles and lympho- 
cytes are higher. Sedimentation quite rapid. 

Advanced Disease —Cachexia usual, leucocytosis pronounced chiefly be- 
cause of neutrophilia, moderate monocytosis, lymphopenia pronounced. 
Monocyte-neutrophile ratio low, monocyte-lymphocyte ratio high. Larger 
proportions of immature neutrophiles and lymphocytes. Sedimentation rate 


very rapid. 

Prophylaxis —Recognition of approaching susceptibility usually is indi- 
cated by history and confirmed by untoward alterations in the blood disclosed 
by repeated examinations and not attributable to other causes. 

If a suspicion persists, only good will result from institution of preventive 
measures. Avoidance of exposure to more virulent bacilli, greater attention 
to hygiene, overcorrection of alterations in blood continued until a favorable 
balance is restored. Thus may the primary interval of insusceptibility in 
spontaneous forms of tuberculosis be protracted and the disease made less 


* An attempt to present a composite picture of the blood in tuberculosis which cannot 
consider the features caused by extraordinary offense-defense ratios may be taken as only 
approximately dependable. 
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vicious when it develops; a larger proportion of induced forms and some of 
the mixed forms be prevented. 

Treatment.—Diagnosis only of early incipient forms will be considered, 
A tentative diagnosis can be established before lesions may be detected by 
physical examinations demonstrated in skiagrams, or suspected from impair- 
ment of excursions of ribs or diaphragm (reduced vital capacity) fever and 
the presence of bacilli in sputum. It can be based upon interpretation of 
history and the recognition of anomalies in the blood that are found at re- 
peated examinations and particularly if increased after intradermal introduc- 
tion of tuberculin. On the other hand, an absence of anomalies, the presence 
of a favorable balance including retardation of sedimentation revealed at one 
examination does not disprove existence of incipient tuberculosis if made 
during a regressive phase when defense predominates. Hence the need of 
additional blood, physical and skiagraphical examinations repeated when an 
aggressive phase has occurred. 

A recognition of the character and extent of the anomalies and of the 
form of a disease establishes prognosis and indicates therapeutic measures. 
Careful observation, heretofore the usual routine of expectant treatment, is 
but the watchful waiting of ill repute and is no longer defensible. The statu 
of the blood is an aid in determining what not to do. Adequate reduction it 
the volume and excursions of the affected lung, however accomplished, sup- 
plemented perhaps with transfusions of unmodified blood from suitable do- 
nors, is salutary. Patients in the incipient stage of phthisis can be assisted to 
achieve recovery in approximately a third of the duration and disability neces- 
sitated if inactively treated. 

After manifestations of active disease have ceased, a low level of balance 
in the constituents of the blood indicates arrest and establishment of a lesser 
degree of insusceptibility, a higher level of balance indicates recovery and 
acquisition of a higher degree of insusceptibility. Assistance to continue a 
favorable balance provides enduring insusceptibility to the offending variety 
of, perhaps an immunity to all varieties of bacilli. A diminution in a favorable 
balance is precedent to a return of susceptibility. 

Experience of tuberculosis has taught lessons that should be applied to 
solutions of cancer problems, particularly because tuberculosis is more directly 
comparable to cancer than other exogenous parasitic diseases. 

Prophylactic reduction in offense attained by restricting contacts with more 
virulent bacilli; i.e., people suffering from active disease, and elimination of 
cattle from dairy herds has diminished both the incidence and severity of 
disease ; prophylactic increase in defense provided through hygienic measures 
and others conducive to protection of blood-forming structures have accentu- 
ated these accomplishments. Reduction in offense, soon after a disease is 
inaugurated by prompt restrictions of dissemination of bacilli and their anti- 
gens attained through curtailing pulmonary excursions, increments in defense 
provided by increasing the volume and quality of blood delivered and assist- 
ance to rehabilitate blood-forming organization has been remarkably beneficial. 
Duration and extent of disabilities of less susceptible people have been mini- 
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mized, some of the moderately susceptible patients have been enabled to 
achieve undelayed recoveries with least permanent disability ; others have been 
assisted to arrest progress, and useful lives of those immoderately susceptible 
individuals have been extended. Belated efforts to assist patients to arrest 
progress of more advanced disease and sometimes to effect healing have added 
greatly to comfort, usefulness and happiness of many, but are nevertheless 
failures to realize the full limitation of duration and extent of disability. 

Progress made in the conflict with tuberculosis is one of the outstanding 
therapeutic achievements and has been more rapid since sane aggressive meth- 
ods were more generally employed. Achievements have been greatest when 
modes of treatment have not been routine but adapted to personal needs, in- 
stituted as soon as a diagnosis can be made and continued after recovery is 
established. Requisite information is attainable only through a sound inter- 
pretation of data provided by repeated examinations of the blood which re- 
quire knowledge of all other clinical aspects. Those who dispute this statement 
should recall that health is incompatible with imbalance in the constituents 
of the blood, that the nature and extent of anomalies in the blood deter- 
mine the characteristics of a disease and that overcorrection of the anomalies, 
-acilitated by propitious influences provided therapeutically, promotes unde- 
layed recovery. If biological truisms are not convincing, skepticism could be 
removed by information provided in current publications. 

The convincing facts are that whatever be accomplished by reduction in 
offense it is less beneficent than augmenting defense and that methods em- 
ployed to curtail offense should not impair defense. 

(XI) Cancer.—Natural history, pathology and therapy. Cancer is as old 
as man, affects all races, many varieties of wild and domesticated animals and 
is quite identical in all. It is a pandemic endogenous parasitic disease. As 
in all parasitic diseases, the incidence, morbidity and mortality rates are deter- 
mined by differences and fluctuations in offense-defense ratios in which defense 
is the dominant factor. As in other pandemic parasitic diseases a majority 


are insusceptible. 

The disease in human beings arises in a foetus, in the aged and reaches its 
high incidence after senescence is established, maturely, prematurely or post- 
maturely. Every one is repeatedly subjected to actions of carcinogenic in- 
fluences from conception until death. Carcinogenetic influences are local 
(parasitogenic) and systemic (pathogenic ). 

All cells of all people are subjected repeatedly to actions of propitious and 
adverse, among parasitogenic influences. Cancer (unwholesomely atypical ) 
cells arise from the transformation of wholesome epithelial cells in inter- 
mediate and lower orders of differentiation. Transformation is occasioned 
by the actions of irritants causing qualitative alterations in the units of (cell) 
structure that produce common functions in such fairly robust cells as have 
become unstable. Cellular instability, a consequence of inherent or acquired 
frailties that -ause imbalance in the organization of cell governors, permits 
the qualitative alterations to progress beyond wholesome limits until the gov- 
ernor reéstablishes its balance, which occurs if cells survive. Cancer-cells 
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thus acquire lesser or higher grades of unwholesome atypicity commonly 
called grades of malignancy. A majority of cells are stable and insusceptible 
to parasitogenic influences, in part because of counteraction of propitious in- 
fluences. A minority are unstable and susceptible and development of their 
instability and susceptibility is delayed and curtailed by counteractions of pro- 
pitious influences. Consequently, every one harbors actual and potential can- 
cer-cells among wholesome cells in divers epithelial tissues and organs except 
those of high orders of differentiation in nervous organization. The number 
and distribution of such cells increases with age. 

The significance of unwholesomely atypical cells is paramount. Their 
egesta are estranged as their structure and contain noxious substances (anti- 
gens), the spear head of offense. Antigens cause focal, regional and sys- 
temic irritations that arouse local, regional and systemic reactions which 
include an elaboration of antibodies, the spear head of resistance and defense. 
The amount and the grade of irritating capacity of antigens establishes of- 
fensive power. Amount depends upon metabolic rates of cancer-cells, irritat- 
ing capacity upon the grade of unwholesome atypicity. Malignancy of 
cancer-cells is established not alone by alterations in structures but more 
largely by metabolic rates. More active, less atypical cancer-cells are more 
malignant or destructive than those less active and more atypical. 

All blood- and lymph-forming structures of all people are subject to ac- 
tions of propitious and adverse, including (cancer) pathogenic influences. 
The initial stamina of the component cells enables them for a time to form the 
corpuscular and noncellular constituents productive of ample life-sustaining 
functions, and the additional corpuscles and elaboration of antibodies to supply 
ample health-maintaining functions. Robustness of cells, inherited and ac- 
quired through adverse as well as propitious influences, enables them to con- 
tinue and to augment the efficacy of the life-sustaining and health-main- 
taining functions produced and confers high, intermediate and low degrees of 
insusceptibility to antigens of cancer-cells. 

Insusceptibility is attributable largely to potent antiparasitic (cancer-cell) 
fractions of antibodies and in a lesser measure to the antitoxic fraction. An- 
tibodies contain specific portions peculiar to a part of antigens produced by 
each variety of cancer-cell and nonspecific or common portions elaborated 
from other parts of antigens produced by all cancer-cells. 

In high degrees of insusceptibility, the equally high potency of specific 
and common portions of antibodies represses harmful activities not only of 
cancer, but of all tumor-cells arising outside essential brain and ganglion cells 
of brain tumors and ganglioneuromas confers enduring insusceptibility, i.c., 
panimmunity to all cancer and mesoblastic tumor-cells. 

Intermediate grades of insusceptibility are less enduring, but adequate 
unless dissipated by actions of adverse (carcinogenic) influences. [ven 
then, the relatively high potency of specific and nonspecific portions of anti- 
bodies confers insusceptibility to all but one form of cancer-cell. 

Low grades of insusceptibility are protracted, temporary or transient; 
when it wanes from age or fatigue or is dissipated by the actions of other 
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pathogenic influences, the lower potency of specific and nonspecific anti- 
bodies introduces high, intermediate and low grades of susceptibility. 

In high grades of susceptibility, the inherent weakness in the cells of the 
blood- and lymph-forming structures or that acquired by the action of patho- 
genic (adverse) influences assures production of antibodies so impotent in 
specific and common portions of antiparasitic and antitoxic fractions of anti- 
bodies as to impose susceptibility to more than one type of cancer-cell and to 
mesoblastic tumor-cells. This is the pansusceptibility of Ehrlich but does 
not include nervous system tumor-cells. 

In intermediate grades of susceptibility, less weaknesses of blood- and 
lymph-forming cells, less impotent antibodies, also elaborated from antigens 
of all cancer-cells, confer insusceptibility to all but one tyne of cancer-cell, 
which is likely the earlier to produce a more acute disease 

In low grades of susceptibility, a similar status obtains, vut the impotence 
of antibodies rises later, is still more restricted, and the development of a less 
acute disease is later. 

In brief, the stamina, or lack of stamina, of the various mother cells of 
various corpuscles and the cells more directly concerned with them in elabora- 
tion of antibodies, and of the lymphoblasts and the cells more closely asso- 
ciated with them in elaboration of antibodies is instrumental in conferring 
insusceptibility and imposing susceptibility to cancer. All are contributory, 
but the contributions of the lymphoblastic and their related antibody elaborat- 
ing series of cells are the more important in favorable and in unfavorable 
responses. It must be recalled that the strength and weakness responsible 
for favorable and unfavorable responses are subject to modification by pro- 
pitious and adverse influences. Thus the grades of susceptibility can be re- 
duced, the degrees of insusceptibility raised by propitious influences and least 
grades of susceptibility converted into a least degree of insusceptibility. Simi- 
larly, the grades of susceptibility can be raised, the degrees of insusceptibility 
reduced by adverse influences and lesser degree of insusceptibility converted 
into a lesser grade of susceptibility. 

The causes of the frailties that impair resistance to local and systemic car- 
cinogenic influences have established spontaneous, induced and mixed forms 
of cancer, yet the processes concerned after onset in all forms differ only 
with concurrent offense-defense ratio after the disease begins. 

Spontaneous Cancer.—Both local and systemic frailties (recessive charac- 
teristics) are inherited and transmitted in accordance with Mendelian formu- 
lae (Slye). This is the familial form. All persons so handicapped are 
destined to develop cancer if their lives are sufficiently prolonged. Grades of 
susceptibility are commensurate with extent of frailties which tend to in- 
crease as the cancer strain becomes more pronounced. Greater frailties hasten 
development of more acute disease ; lesser frailties delay development of less 
acute disease. Incidence of spontaneous cancer is increasing as a larger 
number of inheritors of pertinent recessive characteristics live longer. 

Induced Cancer.—A disease provoked by action of adverse influences in 
moderately susceptible folk who would not otherwise have been so affected. 
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Both frailties can be produced by protracted (approximately ten years) ac- 
tions of the same irritant, e.g., coal tar (noted by Potts in 1775) and radio- 
active emanations; when parasitogenesis (offense) is increased beyond 
repression (resistance) by local action of an irritant alone or augmented 
through hyphemia, cedema, anoxzmia, cicatrization (chronic ulcer) involu- 
tion and benign epithelial tumors and when defense is curtailed through sys- 
temic influences, unhygienic modes of living, malnutrition, anzmia, 
intoxication, especially lymph intoxication, as influenza, etc. The susceptibility 
to induced cancer is primarily intermediate and betokens a moderately robust 
blood- and lymph-forming organization which at onset had a corresponding 
margin of safety. Notwithstanding material reduction in coal tar, X-ray 
and radium cancer, a rise in preventing and correcting so-called precancerous 
lesions ; in obviating systemic adverse influences and overcorrecting the effects 
thereof, the incidence of the induced form is rising, e.g., bronchial cancer, 
and in the aggregate, probably exceeds the other forms, particularly in com- 
munities such as Vienna, in which malnutrition and lack of hygiene are pro- 
nounced and defense incapacitated. 

Mixed Cancer—A disease provoked the earlier in the less insusceptible 
individuals destined to develop spontaneous cancer by the actions of adverse 
influences that induce cancer in moderately insusceptible people. Mixed 
cancer may for a time differ immaterially from induced forms if the exposure 
to the actions of adverse influences begins a long time before the spontaneous 
form would have developed, 1.e., while an individual was still insusceptible, 
or can develop rapidly, acutely (mastitis carcinomatosa) or almost abruptly 
following a single physical injury if the initial interval of insusceptibility 
was the more nearly terminated. 

The following summary of the earlier and progressing alterations in the 
blood that have not yet created deficits and are concurrent with approaching 
susceptibility ; of the anomalies that have been occasioned when alterations 
exceed wholesome limits and impose susceptibility coincident with incipient 
disease and of the greater anomalies coexistent with moderately advanced 
(intermediate) and advanced (terminal) stages of the disease is presented 
with a realization of mistakes. Only within the last five years have we learned 
a goodly part of details of examination, and we are attempting to learn how 
to interpret these data with that obtained from other sources. Errors be- 
come less frequent and less sinister with increasing experience. Basic facts 
exist and will eventually be established as methods are more generally employed. 

Antigens of cancer-cells act in a measure upon mother cells of all cor- 
puscles, more upon lymphoblasts, monocytoblasts and the cells more closely 
associated with them in elaboration of antibodies. An increase in monocytes 
roughly indicates offense, a wider dissemination of antigens and paradoxically 
a greater opportunity for elaboration of antibodies. Increase in lymphocytes 
betokens defense, greater activity of lymph glandular structures, the source of 
more potent antiparasitic substances. Acceleration of sedimentation indicates 
increasing production of antigens, arrest and retardation of sedimentation, an 
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increasing elaboration of antibodies. Early alterations are restricted in scope, 
frequently provoked by other irritants, and are the more readily confusing. 

Waning insusceptibility or approaching susceptibility can be traced to div- 
ers causes; for example, to the forms of impending cancer. Slight or high 
grades of anemia or even a low grade of polycythemia rubra can be present. 
The chief indications are a slight increase in lymphocytes and slightly greater 
increase in monocytes, a rise in monocyte-lymphocyte ratios and an accelera- 
tion of sedimentation that have not exceeded wholesome limits, that not only 
persist but increase at repeated examinations and cannot be attributed to 
other causes. 

Early susceptibility and presumably the existence of a cancer is suggested 
by the detection of anomalies, ¢.g., a slight lymphocytosis and monocytosis, rise 
in monocyte-lymphocyte ratios and hastening of sedimentation, which are 
suggestive if persistent and even more so if increasing unless a patient has 
been overindulged in radiotherapy. On the other hand, all alterations noted 
may approach or exceed upper wholesome limits, indicate insusceptibility and be 
produced by regressive phase, possibly intensified by propitious radiotherapy. 

Anomalies in the blood in moderately advanced cancer, whether deficits 
or surpluses created to overcorrect deficits by health-restoring functions, are 
quite unmistakable even in regressive phases. Some secondary anemia is 
usual; there may be a neutrophilia and monocytosis, the number of lympho- 
cytes is reduced, perhaps only within wholesome limits and the proportion of 
immature forms is higher. Monocyte-lymphocyte ratios are high, monocyte 
neutrophile ratios are low. A slight eosinophilia is not uncommon. Sedi- 
mentation is hastened. 

Anomalies in the blood in advanced cancer are almost pathognomonic. 
Cachexia, first attributed to cancer by Peyrihle in 1776, is the rule unless 
the progress of the disease has been rapid and cytotoxins low in volume. The 
anomalies just noted above are more pronounced. If there is an acute exacer- 
bation, a considerable neutrophilia produces a leucocytosis, lymphopenia is 
constant in all but extent. Sedimentation rate may be more than twice as 
rapid, in fact as hastened as in any other process. 

Prevention —Recognition of a possible approaching susceptibility can be 
obtained from history which may indicate the form of impending cancer, 
from physical examination and from increasing suggestive alterations in the 
blood which may present almost the entire evidence. A well-founded sus- 
picion warrants prompt action as the roll of lesions that have been observed 
until cancer develops is neither short nor honorable. 

Reduction in Offense—Removal when possible from established and 
probable carcinogenic influences. Suitable treatment of dangerous lesions, if 
any can be detected. 

Increase in Defense.—Measures as will overcorrect sinister alterations in 
the blood and maintain a high level of balance are most helpful for so long 
as that balance continues, defense exceeds offense, and there will be insus- 
ceptibility. 

Thus may watchful waiting and its dire consequences be avoided. Failure 
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of a disease to arise does not prove efficacious prevention and is of little mo- 
ment so long as insusceptibility has been returned to a higher degree, there 
continued and any reappearance of alterations in the blood are noted and again 
corrected before anomalies occur. Appearance of a disease at a later date sug- 
gests that the onset has been passed and the process rendered less destructive, 

Treatment.—Accurate diagnosis of incipient cancer when a primary tumor 
is visible and palpable is frequently difficult. Microscopical examination of 
biopsy tissue is sometimes inconclusive; apparently benign lesions can be 
malignant and vice versa. Sometimes the wrong lesion is obtained for ex- 
amination. Sometimes a lesion is neither palpable nor visible. Corroborative 
evidence provided by discovering persistent characteristic anomalies in the 
blood imposes an obligation to prove a lesion benign. Contrarily, as in tu- 
berculosis, recognition of a balance in the blood favorable enough to suggest 
insusceptibility does not disprove malignancy unless it be persistent, as it 
may have been produced by a negative phase. 

Reduction in Offense.—Details of measures now in vogue are too numer- 
ous to recall. Principles are few and readily summarized. Chief means 
employed to reduce offense are extirpation, cauterization and radiation. Each 
has its particular sphere of usefulness. The greatest benefits are enduring 
eradication of local and regional growths. Routinism is inept. The existing 
grade of malignancy should be ascertained, not merely the extent of unwhole- 
some atypicity but the rates of metabolism indicated by the effect of antigens 
reflected in defense responses. 

Extirpation—Cancer-cells developed from epithelial cells of a low order 
of differentiation have a more restricted range of possible atypicity and are 
prone to be less atypical than those developing from cells of an intermediate 
order. Again, whatever the grade of atypicity, the rate of metabolism de- 
termines the grade of malignancy. Operations should be adapted to the grade. 

A notable exception is cancer of a breast. The futility of incomplete 
operations to relieve patients suffering from this form of disease has long 
been established ; it was recognized by ancient practitioners. Halsted proved 
the efficacy of radical extirpation which is too often not performed. His 
success on the other hand has led to attempts to employ comparable proce- 
dures in removal of all cancers. 

Experience has proved this to be unnecessary and too dangerous, not only 
immediately but later, by imposing excess disability that curtails reactivation 
and reduces the likelihood of re-establishing and continuing insusceptibility. 
On the other hand, once an operation has been undertaken after due con- 
sideration, it should be continued until cancer tissue has been removed as 
completely as possible and in one mass. Particularly is this true of induced 
cancer of the digestive tract. A substantial reduction in bulk of cancer tissue 
and a restoration of nutrition can introduce a prolonged period of ostensible 
recovery, until terminated by a return of susceptibility from age, influenza, etc. 

An early extirpation only of primary cancers arising from skin, labial, 
buccal, lingual, laryngeal and bronchial epithelial cells of low order of dif- 
ferentiation can introduce recovery if the basal metabolism of the cells is 
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low. Few more vicious cancers exist than those that have arisen from dermal 
epithelium and had high metabolic rates, and operative removal is futile. 

Cauterization.—Usually a palliative procedure, but can be employed suc- 
cessfully as a radical measure when extirpation is not feasible and patient’s 
condition is good. 

Radiotherapy has been employed as a means to destroy cancer-cells and 
to attain the benefits of extirpation without operation, to reduce the volume 
and fixation of morbid tissue and make extirpation possible, and as pre- 
operative and post-operative adjuncts to incomplete extirpation. Available 
information is based upon statistical evidence of radiologists and the testi- 
mony of collaborating operators. Such evidence is inconclusive. Brilliant 
as are some achievements, failures are many and harmful consequences are 
forbiddingly frequent. 

A few facts are established. Cancer-cells are more virile than normal 
tissue cells. The governors of cancer-cells are sensitive to the direct action 
of rays and to substances developed in the body as a result of radiation, but 
these influences can be pressor as well as depressor. Radiation can stimulate 
blood-forming structures directly and indirectly through substances formed 
in consequence of radiation, and it can also injure these structures transiently 
or permanently. 

How can the benefits of radiotherapy be obtained and the harmful con- 
sequences avoided? Certainly not by building bigger and more powerful 
X-ray machines and submitting patients to immediately sublethal exposures, 
nor by devising additional means of implanting more sources of radium 
emanations for longer intervals. 

A patient investigation of the immediate and remote effects of radiation 
upon blood-forming structures of man and animals in normal and morbid 
states, a development of procedures likely to confer benefits and unlikely 
to be harmful will the sooner provide a sound working knowledge. 

Endeavors to treat patients suffering from parasitic diseases have been 
as successful as offense was diminished and defense was raised. Whatever 
may be accomplished in reducing offense, the extent and duration of the ac- 
complishment will be greatest if the measures employed reduced defense the 
least for the shortest intervals. 

Increase Defense-——Means to augment defense and to maintain it upon 
a high level purposely to aid in restoration and protraction of insusceptibility 
have seldom been employed and the efficacy measured by repeated examina- 
tions of the blood. Efforts have been made to bolster life-sustaining func- 
tions before and after operation, usually by transfusions. But even these 
are exceptional and should be the rule, as life-sustaining is the foundation 
of health-maintaining and regaining functions. 

A régime adapted from that proved efficacious in helping folk to combat 
tuberculosis should be instituted before operation or other forms of active 
treatment, continued during and after that treatment. Another means, trans- 
fusions of unmodified blood from robust donors above fifty years old who 
have developed a high degree of cancer insusceptibility. Too many trans- 
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fusions cannot be given—one too few may impair provision of the wholesome 
balance in the constituents of the blood that effects and continues recovery, 

We cannot give figures in support of this advice. We have cited ample 
reasons. We believe we have noted benefits in excess of expectations. And 
all efforts too often are futile. 

SuMMAaARyY.—At conception every one is supplied with stronger and weaker 
building materials that will be distributed in dissimilar proportions to all 
cells including those concerned in blood and lymph formation. 

From conception until death, every one’s cells are subjected to actions 
of propitious and adverse influences which include divers antigens and car- 
cinogenic influences. 

Stronger cells are further strengthened by actions of inexcessive adverse 
influences to which they become adjusted, as well as by propitious influences, 

Weaker cells are temporarily strengthened by both influences and later 
weakened particularly by adverse influences. 

Demands for production of life-sustaining, health-maintaining and health- 
retaining functions which are founded upon blood and lymph formation im- 
pose special obligations upon the cells that form blood-corpuscles, plasma, 
lymphocytes, lymph and antibodies. 

Robust cells respond adequately, contribute to constructive evolutionary 
processes, a continuation of health and an acquisition of fitness by individuals 
leading directly toward survival of species. Weak cells respond inadequately, 
contribute to destructive evolutionary processes a high incidence of illness, 
an acquisition of frailties by individuals leading indirectly toward survival 
of species by elimination of the unfit. Parasitogenic portion of carcinogenic 
influences acting upon robust and weak cells present in every one, transforms 
some of the wholesome cells into cancer-cells. Cancer-cells are present 
among wholesome cells distributed in divers epithelial structures in every 
one and unlike wholesome cells, produce noxious egesta or antigens. In- 
dividuals participating in constructive evolutionary processes are robust 
enough despite other adverse influences to elaborate antibodies that confer 
insusceptibility by repressing the activities of cancer-cells below harmful levels 
and thus continue to maintain a human-host cancer-cell symbiosis which is 
mutually beneficial. 

Individuals participating in destructive evolutionary processes sooner or 
later become so weak or are so weakened by other adverse influences as to 
maintain a human-host-cancer-cell symbiosis only for shorter or longer in- 
tervals, when susceptibility replaces insusceptibility, antibodies forfeit their 
potency and disease arises to terminate the symbiosis. 

Cancer-cells, developed in both robust and frail, in obedience to natural 
laws, produce adverse influences which promote constructive as well as de- 
structive evolutionary processes. Constructive processes are characterized 
by the absence or recovery from cancer. Destructive processes are charac- 
terized by occurrence of cancer leading to death. 
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CONCLUSIONS 


Cancer has existed as long as man and will continue as long as human be- 
ings survive, because of the constancy of a human-host-cancer-cell symbiosis 
and the impossibility of preventing the acquisition and transmission of per- 
tinent frailties, the recessive characteristics, that impose susceptibility to the 
endogenous parasites. 

The incidence of cancer will be reduced automatically through the ages 
since an ever larger proportion of members of a surviving species acquire 
and transmit dominant characteristics that confer insusceptibility. 

Development of more dependable means to detect approaching suscepti- 
bility and to recognize incipient cancer coupled with other more efficacious 
therapeutic measures, notably those aiding to augment defense, assure im- 
mediate progress comparable to the advances made in the anti-tuberculosis 
crusade. 

Spontaneous cancer cannot be prevented, but its onset can be postponed 
and earlier and more effective treatment promote a longer interval of recovery 
in all but immoderately susceptible patients. 

Induced cancer, although it is increasing substantially, is nevertheless 
largely preventable and prompt and continued treatment of patients suffering 
from this form can lead to an acquisition of insusceptibility that can be 
enduring. 

Mixed cancer can be less readily prevented than the induced form and 
is even less amenable to treatment than the spontaneous form. 

Cancer, divested of the aura of mystery it received, particularly from 
Galen, is revealed as a pandemic endogenous parasitic disease that results 
from frailties and consequent susceptibility in a minority of people. 

Although not curable in the sense that it may be removed or destroyed in 
toto, susceptibility eliminated and replaced by enduring insusceptibility, the 
certainty of the reduction in the incidence and destructiveness of cancer, 
assured by information derived from biological interpretation, warrants ra- 
tional optimism, and the information also defines the direct pathways of 
investigation leading to greater achievements. 


Discussion.—Dr. JoHn M. T. Finney (Baltimore, Md.) said I have had the pleasure 
of discussing this paper with Doctor Yates and think it was most fascinating. I think he 
has something that is worthwhile, because as I understand he is trying to apply recognized 
proven facts and proven principles that have been obtained in other directions to this par- 
ticular field. It seems logical at any rate to feel that if we are going to make a real advance, 
it has to be along some such lines of disease that are recognized. 

I think if you admit his premises—and I don’t see how you can very well do otherwise— 
he has a logical argument, and I am very much impressed with the fact that he has made 
a very good case. Of course, it is very difficult to take in so much as is contained in this 
paper but it certainly is food for thought. 

Dr. Rosert B. GreENoUGH (Boston, Mass.).—Most of us acknowledge that the 
influence of heredity in cancer is of very serious significance. In these days when people 
are occasionally cured of cancer, the number of cases of multiple cancer are beginning 
to increase and there are recorded instances of people being treated successfully for two, 
three and even four different localizations of cancer in the body of different origin. 

If some of us are more susceptible to cancer, whether it is by reason of heredity or 


879 


or 
to 
n- 
ir 
al 

j 


JOHN L. YATES 


for any other cyst unrecognized; we must admit that others are less susceptible. There 
must therefore be within the body some definite resistance against the development of 
cancer. 

In those forms of industry in which industrial cancer occurs not every man who is ex- 
posed develops cancer and this again is an illustration of the varying susceptibility of the 
different individuals. 

The real difficulty comes in recognizing by any method of examination known the 
people who are susceptible and those who are not. 

Doctor Yates has mentioned especially the examination of the blood and the sedimenta- 
tion test, as an indication of loss of resistance to cancer. There have been many studies 
of the blood in cancer cases and it has not yet been widely accepted that these tests give a 
true indica:ion of cancer susceptibility. If Doctor Yates can show us that by means of any 
blood examination we can determine who is susceptible and who is not, one of the greatest 
steps forward in the protection of human beings against cancer will have been taken. 


Doctor GRAHAM wished to know that if a susceptible individual has been found, 
what Doctor Yates’ conclusions were as to what treatment he would use upon that suscep- 
tible individual to prevent the formation of cancer. 

Dr. J. Yates (Milwaukee).—Doctor Finney has indicated the impossibility of pre- 
senting a convincing summary of our studies in fifteen minutes. He has urged you to con- 
sider the data when published. We ask you to grant for the moment that cancer is a 
parasitic disease characterized by the endogenous origin of the parasite, the cancer cell. 
If this be true, it is as rational to state that water flows up-hill here and there as to predicate 
the existence of a parasitic disease without defensive alterations in the blood and tissues, 
since the process must be inaugurated by offense, focal irritation and the entrance of noxious 
egesta of parasites and of parasitic cells into the blood and lymph. 

Clinicians’ interest centers upon the blood because it is the foundation of defense. So 
long as defense is adequate, there is insusceptibility ; when defense becomes inadequate there 
is susceptibility. Potency of defense differs with individuals and fluctuates in the same 
individual ; 1.¢e., the greater the potency the higher the degree of insusceptibility and the 
greater the impotence the higher the grade of susceptibility. Recognition of the status of 
the blood concomitant with divers degrees of susceptibility and grades of susceptibility is 
not only of diagnostic and prognostic value, but indicative of the efficacy of therapeutic 
measures inasmuch as the objectives are to assist people in accordance with their defensive 
capacity to maintain or to regain insusceptibility. 

Confirmation of the above statements is found in the co-relationships between the 
status of the blood and the tissue reactions. Viciousness of the disease is not alone deter- 
mined by the grade of malignancy of cancer cells, but by the predominance of offense over 
defense. More potent defense is associated with less unwholesome alterations in the blood 
and more actiye responses in tissues contiguous to cancer cells, especially lymphocytic 
infiltration and fibrosis. 

Peyrihle (1775) attributed cancer cachexia to degeneration of the growth. In this 
he was only partly correct because cachexia can occur with little tumor necrosis. At this 
time Hewson had noted the buffey coat or crusta phlogistica (acceleration of sedimenta- 
tion of corpuscles) that formed on the surface of blood taken from persons suffering from 
inflammatory diseases. Since Fahreus demonstrated the significance of alterations in sedi- 
mentation rates, it has been proved that acceleration is present in the blood of cancer 
patients. Starting with these observations as a basis, the mean alterations in blood 
coincident with terminal, intermediate and incipient stages can be compared and must, we 
believe, be attributed chiefly to one cause, the irritation of blood-forming structures by the 
noxious egesta of cancer cells. 

Terminal stage. Advanced secondary anemia; moderate leucocytosis. Neutrophilia. 
Eosinophilia (?). Lymphocytopenia. Monocytosis. Monocyte-lymphocyte ratio high. 
Monocyte-neutrophile ratio low. Sedimentation, much accelerated. 

Intermediate stage. Moderate anemia; slight leucocytosis. Neutrophilia (?). 
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Eosinophilia (?). Lymphocytosis. Monocytosis. Monocyte-lymphocyte ratio raised, 
monocyte-neutrophile ratio lowered. Sedimentation moderately accelerated. 

Initial stage. Anemia unless provocative is slight, may even be restricted. Erythro- 
cytosis; little if any leucocytosis. Neutrophiles and eosinophiles little altered. Lympho- 
cytosis ; monocytosis. Monocyte-lymphocyte ratio raised. Monocyte-neutrophile ratio 
lowered (?). Sedimentation hastened. 

Figures are omitted because of wide individual variations in the constituents of blood 
and lymph in wholesome and unwholesome states, of the frequent coexistence of other 
maladies, of the diversity of local (parasitogenic) and systemic (pathogenic) influences 
in the spontaneous, induced and mixed forms of the disease and of the fluctuations con- 
current with aggressive and regressive phases. It is easy to forget that cancer, though not 
as protein as tuberculosis or syphilis, does not follow a constant pattern. 

No difficulties beset interpretation of data provided by a single examination of blood 
of a patient in a late stage; few beset interpretation of data provided by repeated examina- 
tions of blood of patients in an intermediate stage if the form of the disease be known, 
whether it affects the digestive tract, and is more acute or chronic, and many difficulties 
can beset interpretation of information provided by repeated examinations of blood of 
patients in the incipient stage, even though amplified by that provided by other sources. 

Interpretation of data provided by repeated examinations of blood of patients whose 
diminishing defense capacity is approaching susceptibility can seldom be conclusively 
accurate, even in members of cancer families unless there is continued exposure to 
carcinogenic influences. 

Difficulties of interpretation, when accurate interpretation would be most serviceable, 
are not as forbidding as might be supposed if two facts are recollected. Cancer develops 
not until an individual loses capacity to elaborate potent antibodies and the consequent 
state of unwholesome imbalance in the constituents of the blood results chiefly from sub- 
competence of the lymph-giandular organization. Recognition of the existence and 
extent of imbalance or of approaching imbalance is not a problem in mathematics for 
the solution of which nicely-graded formulae are available, but a problem in biology 
wherein occur both inconstant and unknown factors, and an approach to accuracy of 
its solution is furthered by evaluation of known and probable factors. When an antigen 
comparable to tuberculin is obtained from cancer cells, similar intracutaneous tests, which 
are but other forms of blood examinations, will become available and add to the depend- 
ability of interpretation. 

In answer to Dr. Graham's inquiry: When an oncoming susceptibility has been sus- 
pected or recognized (?) in part through reduction of a favorable balance in the con- 
stituents of the blood, people exposed to actions of irritants have been urged to get beyond 
the range of irritation, all have been advised to live healthfully, particularly in respect 
to outdoor exercise. So far as ascertainable, these measures when followed have promoted 
a return of a more favorable balance in the blood. None has as yet developed cancer. 
It can not be assumed that enduring insusceptibility has been attained though a temporary 
protection may appear probable. 

Dr. Greenough emphasized the significance of heredity, and it cannot be overstressed. 
Hunter first realized that cancer developed (and failed to develop) in obedience to 
biologic laws the evolutionary influences Slye has proved to confer insusceptibility as well 
as susceptibility to actions of carcinogenetic agents. A majority inherit more or less 
dominant characteristics and therewith corresponding degrees of insusceptibility, the 
lesser of which can be converted into susceptibility by untoward influences. A minority 
inherit more or less recessive characteristics in respect to cancer and corresponding grades 
of susceptibility, the lesser of which can be converted into temporary insusceptibility 
by toward influences. The obvious significance in practice of differentiating forms of 
cancer has been confirmed by the longer duration of recoveries from less radical treatment 
of more advanced induced forms of cancer, notably of the gastrointestinal tract. 

In this connection it should be recognized that the term “cure” is harmfully inaccurate. 
A cure implies removal or destruction of every cancer cell and the replacement of sus- 


56 881 


lere 
of | 
ex- 
the 
the 
ta- 
les 
ny 
st 
d, 
a 
’ 
3 
} 
4 
= 


JOHN L. YATES 


ceptibility proved in the presence of the disease by enduring insusceptibility, a manifest 
impossibility. Instead of attempting to perform miracles, rational efforts to enable each 
person to sustain initial insusceptibility or to assist each patient to regain and, if possible, 
to maintain secondary insusceptibility will be more beneficial. 

We feel warranted, even from our limited experience and studies, in predicting 
the utilization of repeated accurate blood examinations will awaken appreciation of defense 
as the important factor in therapy which has been quite neglected and that measures 
adapted to conserve and to augment defense will be utilized and those impairing defense 
will be discarded save in palliation. 

In consequence, the development of spontaneous cancer can be postponed and the 
disease will be less vicious when it does arise; a growing knowledge of carcinogenic agents 
will lead to prevention of larger proportion of induced cancer now increasing (witness the 
reduction in X-ray and coal tar cancer and greater frequency of bronchial cancer) and 
the incidence of mixed cancer will be similarly curtailed. 

Standardization of efficacious cancer therapy is inconceivable. Such procedures as 
will enable individuals to sustain a wholesome balance in the constituents of the blood 
afford prevention; such as will enable patients to regain a wholesome balance promote 
recovery, and such as will enable them to maintain that balance will confer insusceptibility. 
All people can not be so benefited, but when Utopian endeavors to cure are discarded 
and efforts to aid be adopted, the highest proportion will obtain maximum benefits. 
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